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NOTICE TO AUTHORS OF PAPERS 


Manuscripts.—All manuscripts submitted to the 
Editor or presented to the Sections of the Assocta- 
TION should be ready for publication, typewritten 
with double spacing on one side of good quality 
paper 8.5” x 11” in size and with 1” to 1.5” margins. 
In addition to the original typewritten copy, one or 
more carbon copies should be submitted in order 
to facilitate examination by members of the Editorial 
Advisory Board or other referees. Each manuscript 
should include a summary to be used as an introduc- 
tory synopsis of not more than 150 words which in- 
cludes a sutmmarization of conclusions and recom- 
mendations. All pages in manuscripts, including 
tables but not figures, should be numbered consecu- 
tively. Previously published and readily accessible 
procedures which have been followed in experi 
mental work should not be made a part of the manu- 
script, but should only be referred to by appropriate 
literature references 


Form of Presentation.—Titles of manuscripts 
should be kept as short as possible and preferably 
restricted to one line. The name of the laboratory 
in which the work described was done should be 
placed in a footnote at the end of the first page. 
Each manuscript should begin with one or more 
introductory paragraphs indicating the intention 
and meaning of the investigation and the method 
of procedure. The introduction should be followed 
by a report of the essential details of the experi- 
mental work, and a discussion or interpretation 
where necessary. Authors may find it helpful to 
arrange manuscripts to conform to the style of 
presentation as illustrated in papers on analogous 
subjects published in recent issues of Tats JouRNAL 


lu preparing manuscripts for publication in Turs 
JOURNAL, center headings should be avoided as far 
as possible. Side headings followed by a period and 
dash should be indented and run into the part of 
the text to which they apply. Such side headings 
may be used as freely as desired. Literature cita- 
tious should be numbered consecutively in order, of 
appearance in the manuscript and should be indi- 
cated by full-sized Arabic numerals enclosed in 
parentheses, If a literature reference is cited more 
than once in a manuscript, subsequent citations 
should be indicated by the first number assigned. 
References to footnotes throughout the text should 
be numbered consecutively by superscript Arabic 
numerals, but such references in each table should 
be designated by superscript lower case letters 
beginuing with ‘‘a’’ and continuing in natural order 
Literature citations should be grouped at the end of 
the manuscript under the heading “References.” 
All bibliographic references should be checked with 
the original publications. The citations should 
be numbered consecutively with full-sized Arabic 
numerals enclosed in parentheses corresponding to 
the numbers used in the text. The names of all 
periodicals cited in the list of references must be ab- 
breviated in accordance with abbreviations given by 
Chemical Abstracts in its “List of Periodicals Ab- 
stracted.”” The sequence followed in the citations 
must be as follows: 


(1) Doe, J. B., Am. J. Physiol., 79, 289(1927) 


References to books should be in the order given 
(1) author’s surname and initials, (2) title of the 
book, (3) volume, (4) edition, (5) name of publisher, 
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(6) place of publication, (7) year of publication, and 


(8) page number. A complete book reference may 
be illustrated as follows: 


(1) Gilman, H., “Organic Chemistry,’’ Vol. 2, 
2nd ed., John Wiley and Sons, New York, 1943, pp. 


1236, 1252. 


Arabic numerals must be used to designate all 
definite weights, measurements, percentages, and 
degrees of temperature unless occurring at the be- 
giuniug of a sentence, in which case the numeral 
and measurement are spelled out. Periods of time 
should be written in words. Unusual characters 
and Greek letters should be written plainly and 
legibly or should be explained by uotes on the 
margin of the page. Fractions should be written 
with a slant line. Standard abbreviations should 
be used whenever weights and measures are stated 
in the metric system, e. g., 10 Gm., 2.5cec.,etc. The 
forms to be used are: cc., Kg., Gm., mg., mecg., 
mm., cm., and L, 


Figures.—All drawings should be made in India 
ink, preferably on white tracing paper or cloth. 
Original drawings are preferable, but clear, well- 
prepared glossy photographic prints are acceptable 
The size of illustrations should not exceed the 8.5" x 
11” manuscript size. They should be designed for 
reduction to the width of one column (2.75") or 
full page width (5.5"). Thus, height rather than 
width should be accentuated where possible 


Numbers and measurements, etc., which are to 
appear on the axes of the drawing should be indi- 
cated in pencil outside the axes, in order that they 
may be setintype. Captions and legends should be 
placed below the diagram (not on it), or, if lengthy, 
collected on a separate typewritten list, identifying 
each by its proper figure number and including 
whatever acknowledgments are necessary 


Photographs should never be rolled, and paper 
clips should not be used unless guarded by a piece of 
paper folded several times to prevent an indentation 
in the photograph. All drawings and photographs 
should be protected from bending and from the 
chance of having their edges torn while in transit. 
Do not write on the back of a photograph. Any 
indentation in the photograph, however slight, will 
be likely to show as a blemish in the reproduction 
All figures submitted must be referred to in the text 
of the manuscript, and should be numbered consecu- 
tively with Arabic numerals, e. g., Fig. 1, Fig. 2, etc. 
Kymograph tracings should not be submitted with 
the original experimental legends which are likely 
to have been hastily or carelessly inscribed. Authors 
may find it worth while to emplov a professional 
draftsman to make the drawings in proper form for 
reproduction. 


Tables.—Tables should be carefully constructed 
so that the data presented may be understood easily. 
The indiscriminate use of tables should be avoided. 
Tables should be constructed so as to occupy fully a 
single column (2.75") which will take about 40-50 
characters and spaces. Tables which require two 
columns are also acceptable. Interpretative state- 
ments should not be written on the body of a table 
but should be explained in footnotes. Column heads 
should be made as small as possible and standard 
abbreviations should be used liberally. Data which 
may easily be deduced by simple arithmetic from 
data in another column should not be included. All 
tables should be referred to in the text of the manu- 
script. Every table and every column should be 
supplied with an appropriate heading. It is not 
necessary to place tables on separate sheets, and in 
fact it is preferable to intersperse them in the manu- 
script. Tables should be numbered consecutively 
using Roman numerals. The table number and the 
title should be placed in a continuous heading 
above the data presented. The preparation of a 
clear and concise table of data requires much plan- 
ning and infinite care 
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Infrared Analysis of Pharmaceuticals I* 


NuMBER 8 


Application of the Potassium Bromide Disk Technique to Some 


The quantitative potassium bromide disk tech- 
nique has been investigated and methods have 
been adopted for its application to some 
pharmaceuticals. Average deviations from 
linearity within +4.0 per cent were obtained 
with some crystalline compounds. Analyses 
of pharmaceutical preparations, by hand- 
grinding or vibrator-grinding methods, 
resulted in average agreement within +3 to 
+4.5 per cent with ultraviolet spectrophoto- 
metric or gravimetric determinations. 


‘T= PUBLICATION in 1952 (23, 26) of the po 
disk 


tassium bromide method has resulted 
in investigations into the applicability of this 
method to compounds of varied origin. There 
have been reports of successful applications, both 
qualitatively and quantitatively, to steroids 
9, 12, 20, 21), carbohydrates (2, 28), amino 
acids and peptides (7, 24, 26), pesticides (27), 
and other organic and inorganic compounds 
+6, 11, 14, 29). From these studies, it has 
been shown that this method is useful in the 
study of water-soluble materials and of fractional 
milligram amounts of substances difficultly 
soluble in the usable infrared transparent sol 
vents. Another advantage is that some sub 
stances which are structurally similar and whose 
spectra in solution are essentially identical may 
be differentiated by infrared spectra of their 
potassium bromide disks (10) 


* Received October 30, 1959, from the Division of Pharma 
ceutical Chemistry, Food and Drug Administration, Wash 
ington 25, D. ¢ 

The authors are greatly indebted to Mr. Jonas Carol for 
his advice and criticism throughout this work 


Steroids, Alkaloids, Barbiturates, and Other Drugs 


By ALMA L. HAYDEN and OSCAR R. SAMMUL 


{89 


In this laboratory, there developed a need for 
a method of determining and identifying frac- 
tional milligram amounts of pharmaceuticals, 
some of which were difficultly soluble in the 
usable infrared solvents. In view of the reports 
of success with quantitative potassium bromide 
methods (5, 12, 14, 17, 21, 24, 25, 27, 29), and 
with an awareness of the possible formation of 
anomalous spectra (1-3, 8, 10, 18-20), an inves- 
tigation was made of the applicability of a 
quantitative potassium bromide method to some 
pharmaceuticals 

Several methods have been used in obtaining 
homogeneous potassium bromide-compound mix 
tures. Kirkland (14) studied various methods of 
dispersing samples in potassium bromide and 
concluded that vibrator-grinding gave the most 
reproducible mixtures. Wiberley and co-workers 
29) used vibrator-grinding of potassium bromide- 
sample with potassium thiocyanate as an internal 
standard in quantitative studies of poly(vinyl 
chloride)-poly(viny1 acetate) copolymers. 
Schwarz and co-workers (25) used lyophiliza- 
tion to obtain homogeneous mixtures of potassium 
bromide and desoxyribonucleic acid. Rosen- 
krantz and co-workers (21) estimated to within 
8 per cent of the known amount for steriods mixed 
by spatula with potassium bromide. Susi and 
Rector (27) used vibrator-grinding of crystalline 
materials in the quantitative determination of 
mixtures of pesticides. These authors reported 
5 per cent deviations from the Beer-Lambert law 
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for standard pesticides. Ito and Amakasu (12) 
found that trituration in a mortar provided 
atisfactory preparation of ethinyl estradiol 
samples, which could be analyzed with an average 
accuracy of about 2 per cent. Ingebrigston and 
Smith (11) found that the mixtures prepared by 
hand-grinding a slurry of the sample and potas 
sium bromide in a volatile solvent gave spectra 
of excellent quality with increased resolution 
and absorbance 

In the work reported here, the authors made a 
preliminary investigation into various methods of 
dispersing the sample in potassium bromide. It 
was found that hand-grinding of solutions of 
compounds with potassium bromide and vibra 
tor-grinding of residues from solution or of re 
crystallized samples with potassium bromide 
without an internal standard gave the most re 
producible homogeneous mixtures which could 
be studied quantitatively. Since the crystalline 
forms of some compounds depend on the solvent 
and the conditions of crystallization, the standard 
and sample solutions were subjected to identical 
treatment 

Some standard steroids, alkaloids, barbiturates, 
and other compounds were found to agree within 

1.0-4.0 per cent with the Beer-Lambert law 
over the concentration range of 0.05-0.40 per 
cent by weight rhe results with some cinchona 
alkaloids are given elsewhere (10) 

Application of the described procedures to 
quantitatively prepared (synthetic) mixtures, to 
recovery experiments, and to drugs contaming 
hydrocortisone and 17-hydroxy-11-desoxycorti- 
costerone, ethinyl testosterone, phenobarbital 
 acetophenetidin and caffeine revealed an 
average agreement within 3.0 per cent of the 
added amount or of results obtained by ultra 
violet spectrophotometry and within 4.5 per 
cent of gravimetric measurements 


EXPERIMENTAL 


The potassium bromide (Harshaw 200/325) was 
dried at 105° for a minimum of sixteen hours prior to 
use. The 20/40 mesh material was prepared in this 
laboratory from Harshaw random size potassium 
bromide and was dried as above 

All of the substances studied were purified by 
recrvstallization from a suitable solvent, and their 
melting points were determined on a Fisher-Johns 
melting block. For the analytical studies, solvents 
were chosen from which each of the compounds 
ervstallized without glassy or amorphous material, 
and solutions of 1.0 mg. per ml. were used 


Methods 


Preliminary Sample Dispersion Experiments. 
Initial experiments with potassium thiocyanate as an 
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wnternal standard used lyophilization and hand 
grinding as the means of producing the mixtures 
For the lyophilization procedure, 5 ml. of a 4% 
aqueous solution of potassium bromide containing 
1.1% potassium thiocyanate was frozen with about 
0.5 ml. aleoholic solutions of ethinyl estradiol, hydro- 
cértisone, cortisone, or reserpine while being 
mechanically rotated. The frozen material was 
then dried under high vacuum The dried mixture 
was mixed briefly with a spatula and a 200-mg 
aliquot pressed into a disk When hand-grinding 
was employed, an aliquot of a solution containing 
the sample was ground with 200 mg. of a 0.1% solid 
mixture of potassium thiocyanate m 200-mesh 
potassium bromide 

Some early attempts were made to disperse resi- 
dues from solution with potassium bromide by 
evaporating the solution to dryness on potassium 
bromide powder, or by evaporating the solution to 
dryness in a mortar with subsequent addition of 
potassium bromide and grinding. When vibrator 
grinding of crystalline samples was attempted, it 
was necessary to weigh small amounts, less than 1 
ing., on a microbalance 

Final Hand-Grinding Procedure. An aliquot of a 
solution (1.0 mg. per ml.) containing 0.05-1.0 mg 
of the compound was ground for an vccurately 
measured and reproduced time (five to ten minutes 
with 200 mg. of potassmm bromide in a 50-mm 
mullite mortar with pestle. The mixture was freed 
of last traces of solvent and adsorbed water in 
vacuum at room temperature or at a temperature 
above the boiling point of the solvent 

Final Vibrator-Grinding Procedure. Crescent 
ainalgamator fitted with a steel capsule (° «-inch 
inside diameter, 1 inch in length) containing three 
steel balls ('/, inch in diameter ) was used for vibrator 
grinding An aliquot of a solution contaming 
0.05-2.0 mg. of the compound was evaporated to 
drvness with dry nitrogen in the steel capsules con 


taining the steel balls. Standard and s imple solu 
tions were evaporated under the same conditions at 
the same time. The residue was dried at room 


temperature in vacuum over P.O; for about one 
hour, 400 mg. of potassium bromide was vdded, and 
the cylinder stoppered The content were 
vibrated for a predetermined optimum time (five to 
twenty minutes) 

Disk Pressing Technique.In general, the 
potassium bromide mixtures and disks were pre 


pared at room temperature at less than 50°) relative 
humidity to minimize the adsorption of water 
Under conditions of greater than 50% relative 
humidity, the mixtures were dried at 105° at atmos 
pheric pressure, or at an equiv alent temperature 
under high vacuum. The effects of adsorbed water 
can be reduced by grinding at temperatures higher 
than atmospheric temperature. For each disk, 200 
mg. of potassium bromide-compound mixture was 
pressed in a Beckman evacuable dic which forms 
disks of 12.7 mm. in diameter and about 0.57 mm 
in thickness. After evacuation at less than 1 mm 
Hg for one minute, a force of 20,000-25,000 pounds 
was applied for three minutes during evacuation 
After pressing, the disks were placed in vials, he ited 
at 105° for ten to twenty minutes, and cooled to 
room temperature in a desiccator 


Measurement of Spectra.—The spectra were ob- 
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tained with a Perkin-Elmer Model 21 double-beam 
spectrophotometer with sodium chloride optics 
The disks were inserted in the sample beam by means 
of a disk holder which fitted the microcell adapter 
The qualitative or quantitative measurements were 
made without compensation in the reference beam 

\ preliminary qualitative spectrum of the 2-15 
region was made of a disk of each compound (about 
0.25-0.50%, by weight) which was prepared under 
moderate hand- or vibrator-grinding conditions 
(one or two minutes grinding This spectrum 
served as a guide in the selection of bands for quan 
titative study and in the detection of spectral varia 
trons 

For quantitative work, the baseline procedure was 
used to obtain the absorbance using minima on each 
side of the chosen maximum After the first absorb 
ince measurement, the disk was turned over in the 
holder and a second measurement was mad rhe 
iverage was taken of the two baseline absorbance 
re idings The disk area exposed to the beam was 
uithned at the time of the first reading and the 
iverage thickness was obtained by making six read 
ings of this area with a micrometer. The product of 
the average thickness and the per cent concentra 
tion was considered the effective concentration in 
the sainple beam \ plot of baseline absorbance 
igainst effective concentration for a compound re 
vealed the agreement with the Beer-Lambert law 
over the concentration range studied. For some 
compounds, two or three bands were chosen from the 
qualitative spectra and the average of results from 
these bands was computed 

Prior to a determination of deviation from the 
Beer-Lambert low, it was necessary to determine the 
optimum grinding time conditions. Since prelim 
inary work showed that most of these compounds 
follow the Beer-Lambert law at a concentration of 

mixtures contamimg 0.25°, of compound 

were ground for times varying between one and 
twenty-five minutes by one of the given procedures 
By plotting an absorptivity coefficient (baseline 
tbsorbance/thickness concentration igainst 
grinding time for the selected band (s), and by ob 
serving the spectrum at the various grinding times, 
the optimum grinding time was ascertained. For 
most compounds ten minutes hand-grinding was 
optimum rhe optimum vibration-time varied 
with the compound, the size of the potassium bro 
mide matrix, and the number of steel balls used 

Using the optimum grinding time, calibration 
curves showing the.relationship between baseline 
ibsorbance and effective concentration were made 
by studying disks of different concentrations at the 
chosen wavelengths A concentration which fell on 
the linear portion of the curve was chosen for 
analytical purposes 

Analyses of quantitatively prepared (synthetic) 
mixtures preceded recovery experiments where the 


standard compounds were used in the various sepa- 
ration procedures given below. The amounts de 
termiaed by the infrared method were compared 
with the amounts added or with the amounts cal 
culated from ultraviolet or gravimetric measure 


ments. For most of the experiments, the averages 
of analyses on duplicate disks were used. The 
identities of the analyzed compounds were proven by 
comparison of the spectra of sample and standard 
disks of 0.10-0.25% by weight 


ScCreNTIFIC EDITION 191 


Analyses of Various Pharmaceutical Preparations 


Ethinyl Testosterone.-—A weighed amount of 
ethinyl! testosterone tablet mixture equivalent to 25 
mg. of active ingredient was chromatographed on a 
Celite-water column (10 Gm.-5 ml The column 
was washed with 50 ml. isooctane and the excess 
isooctane blown out with gentle air pressure. The 
ethinyl testosterone was eluted with 150 ml. chloro- 
form and the eluate evaporated to dryness in vacuum 
it less than 50° or with a stream of dry air at less 
than 40 rhe residue was dissolved in absolute 
methanol and diluted to volume in a 25-ml. volu 
metric flask 

\liquots (0.10 ml.) of methanolic solutions of the 
ample and of the standard (1.0 mg. per ml.) were 
mixed with 200 ing. potassium bromide (200 mesh or 
20/40 mesh) by the hand-grinding (ten minutes) 
or vibrator-grinding (six minutes) procedures. For 
determinations using the 9.444 band, aliquots of 
O.S ml. were required Baseline absorbauce meas 
urements were made of the C=C-—-C=0 band at 
The ibsorptivity coethcient, was cal 
culated for the standard from the equation Kya = 
1,/CL, where Ap» is baseline absorbance, C is concen 
tration in per cent by weight, and L is average 
thickness in millimeters. From the following 
equation, the calculation of amount of active ingre 
dient m the sample tablet was mack 


Total vol 


x wt. A Br mixture 


Av. wt. per tablet 
= mg. per tablet 
wt. of sample 


Hydrocortisone.—\ quantity of tablet mixture 
equivalent to 20 mg. of hydrocortisone was sus 
pended in dilute acid solution and completely ex 
tracted with chloroform rhe combined extracts 
were evaporated to dryness, and the residue was 
chromatographed on a  Celite-formamide-water 
column rhe column was eluted successively with 
benzene and with chloroform The benzene and the 
chloroform eluates were washed with water and 
were dried with anhydrous sodium sulfate The 
dried eluates were filtered, ev iporated to dryness, 
uml the residues made to volume with absolute 
methanol \liquets of the methanolic solutions 
were analyzed using the hand-grinding procedure 
rhe resulting potassium bromide disks were com- 
pared quantitatively and qualitatively with stand 
id= «disks of 17-hydroxy-11-desoxycorticosterone 
0.15% by weight) and of hydrocortisone (0.25°7 by 
weight) which were prepared at the same time from 
methanolic solutions of the standard compounds. 
The quantitative determinations were made of the 

C==C—C=0O band fer each compound (5.994 
17-hydroxy-11-desoxycorticosterone, 6.054 hvydro- 
cortisone 

Phenobarbital... weighed amount of phenobar 
bital tablet mixture equivalent to 50 mg. active in 
gredient was dissolved in 5 ml. (2 + 1) formamide 
water, and mixed with 5 Gm. acid-washed Celite 
his mixture was chromatographed on a modified 
Sabatino (22) Celite-formamide and water column 
(5 Gm.—5 ml. (2 + 1)]. A base layer of 1 Gm 
wcid-washed Celite mixed with 1 ml. saturated barium 
hydroxide solution was used to remove any stearates 
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present in the tablet.'. After a preliminary elution 
with 150 ml. isooctane-chloroform (1 + 1), pheno 
barbital was eluted with 200 m!. water-washed 
chloroform. The chloroform eluate was washed 
with water, diluted with approximately 2% ethyl 
ucohol by volume, and evaporated to dryness with 
dry air at less than 60 The residue was dried in 
vacuum over P,O; for thirty minutes, and was made 
to volume in benzene in a 50-ml. volumetric flask 
Aliquots (0.4 ml.) of the sample solution and of a 
standard solution (1.0 mg. per ml.) were made into 
disks (0.1% by weight) using the hand-grinding 
procedure rhe quantitative determinations were 
made using the carbonyl band at 5.884 
Phenobarbital in the Presence of Amino- 
phylline.—-A weighed portion of sample equivalent 
to about 50 mg. of phenobarbital was suspended in 
50 ml. HCI(1 + 1 rhe mixture was completely 
extracted with ether rhe combined ether extracts 
were washed with two 10-ml. portions of HCI (1 4 
1), and with water, and were evaporated to neat 
dryness with dry air at less than 35 
was treated as described under “‘Phenobarbital 
Acetophenetidin and Caffeine in APC Tablets. 


The acid-base column described by Levine (15) was 


The residue 


modified by using two and one-half times the 
amounts of column components and twice the 
umounts of active ingredients, and by incorporating 
a wash layer consisting of 5 Gm. Celite and 5 ml 
distilled water at the top of the column 

An amount of tablet mixture containing about 
7.4 mg. acetophenetidin, 1.4 mg. caffeine, and 10 
mg. aspirm was chromatographed on the modified 
column The acetophenetidin was cluted with 
ether, the eluate was evaporated to dryness, and 
made to volume (5 ml.) in absolute methanol 
Che caffeine was eluted with water-washed chloro 
form, the eluate was diluted with 5°), ethyl alcohol 
by volume, evaporated to dryness, and made to 
volume (2 ml.) in benzene. The aspirin was not 
determined 

Solutions of standard acetophenetidin in meth 
inol (1.48 mg. per ml.) and of standard caffeine in 
benzene (0.72 mg. per ml.) were prepared from ac 
curately weighed crystalline samples. Residues of 
iliquots (1 ml.) of the standard and sample solutions 
f acetophenetidin and of caffeine were mixed, 
separately, with 400 mg. of 200/325 mesh and 20/40 
mesh of potassium bromide for twenty and five 
minutes, respectively, using the vibrator-grinding 
procedure. Quantitative determinations were made 
using baseline absorbances of the bands at 8 52, 
9.54, and 11.94 for acetophenetidin, and at 13.194 
for caffeine 


RESULTS AND DISCUSSION 


In the authors’ hands, the method of lyophiliza 
tion proved unsuccessful as a means of dispersing 
samples in potassium bromide for quantitative 
studies. However, qualitative spectra of mixtures 
prepared in this way were essentially the same as 
those obtained using the two adopted procedures 

In preliminary experiments with potassium thio 
cyanate as an internal standard, disks of dispersions 
of this compound with ethinyl estradiol, hydrocorti 


‘In recent experiments, the Ba(OH): layer has been 
omitted with an increase in the reproducibility of recoveries 


sone, and reserpine and potassium bromide revealed 
the C N band at 4.874. The spectra of these 
compounds differed from those in potassium bromide 
disks alone by the presence of this band. However, 
in disks of potassium thiocyanate with cortisone and 
potassium bromide, two bands of varying intensities 
appeared in the C N region at 4.8! and 4.874 
In addition, on heating disks of this mixture the 
5.98u band attributed to the —C=C-—C=0O group 
of cortisone and the 4.874 band were seen to dis 
appear. Extraction of these heated disks with 
chloroform and reformation of a potassium bromide 
disk from the extract residue revealed the normal 
spectrum of cortisone with the C=O band at 5.84u 
and the —C=C—C=0O band at 5.984. These 
observations are indicative of bonding or complex 
formation between the C=C-—C=O group of 
cortisone and the —C==N group of potassium thio- 
cyanate. Because of these variations, the difficulty 
of obtaining reproducible potassium bromide-potas 
sium thiocyanate mixtures, and the ease of making 
accurate thickness measurements, the use of an in- 
ternal standard was avoided 

Mixtures which were produced by hand-grinding 
crystalline samples and residues or by vibrator- 
grinding weighed residues with potassium bromide 
were not as quantitatively reproducible as, or re 
quired more time than, those prepared by the final 
methods 

In general, under the described experimental 
conditions, disks of hand-ground mixtures gave 
spectra with somewhat better resolution and more 
intense absorbance than disks of vibrator-ground 
mixtures. In Fig. 1 are seen qualitative spectra 
of the 2-l5y region of some of the compounds 
studied Although vibrator-grinding is mechani- 
cally more efficient, because of the grinding force 
exerted on the crystal, it is more likely to produce 
mixtures whose disks show spectral changes and 
distortions. Under conditions of greater than 50% 
relative humidity, the vibrator-grinding procedure 
suffers from inadequate mixing as a result of adsorp 
tion of moisture from the atmosphere In addition, 
hand-grinding is preferable for those compounds 
which exhibit spectral changes on vibrator-grinding 
When the hand-grinding procedure is accurately 
reproduced, the results are as reliable as those where 
vibrator-grinding is employed 

In general, the effects of particle size of the matrix 
on the ease of disk formation and on the qualitative 
spectrum agree with previous reports (1, 16 It 
was found that samples mixed with the coarse 20/40 
mesh potassium bromide required less grinding, 
adsorbed less water, and produced clearer disks than 
did the 200/325 mesh powder. Vibrator-grinding 
of 200/325 or 20/40 mesh potassium bromide for 
longer than twenty minutes produced a powder of 
such small particle size that disk formation was 
difficult in that the disks were flaked and cracked 
when pressed from the die. With the vibrator 
grinding procedure, those compounds which showed 
a tendency for spectral changes exhibited these 


changes with less grinding time with the 20/40 mesh 


crystals than when the 200/325 mesh powder was 
used. It is presumed that the. larger particles of 
potassium bromide contribute to the grinding of 
the sample. Asa result, anomalies may occur more 
readily than when the finer particles of potassium 
bromide are used 
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Fig. 1.- 


Infrared spectra of ethinyl] testosterone from methanol (A), aceto- 


phenetidin from methanol (8), caffeine from benzene (C), and phenobarbital 
from benzene (D) in potassium bromide disks 


The clarity of the disks was a function of the 
amount of sample present, the size of the potassium 
bromide matrix, and the extent of grinding. Some 
compounds formed clear disks at concentrations up 
to 0.5 mg. per 200 mg. potassium bromide; disks of 
other compounds were cloudy at concentrations of 
about 0.2 mg. per 200 mg. potassium bromide 
Cloudy disks could be used with satisfactory results 
as the baseline absorbance measurement eliminated 
the effect of background variation. Variable results 
were obtained when cracked or striated disks were 
compared with clear disks 

A potential source of absorbance measurement 
error is the presence of interference patterns in the 
spectrum. When these fringes were encountered, 
the baseline was drawn so as to bisect the highest 


absorbing areas of the minima on each side of the 
band maximum 

A study of the changes in spectrum with grinding 
time and concentration reveals the stability of the 
compound under the grinding procedure. In Table 
I are given the absorptivity coefficients at different 
grinding times for some of the compounds studied 
The optimum grinding time was chosen as the time 
producing maximum absorbance of the selected 
band and maximum spectral resolution with identity 
with the qualitative spectrum of the compound 

The authors’ investigations indicated that the 
stability of a compound to the grinding conditions is 
a function of the crystal energy of the compound and 
of the stability of the disarranged crystalline lattice 
under the experimental conditions. Acetophe- 
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I.-CHANGES IN ABSORPTIVITY COBFFICIENT 
Grinpinc TIME 09 
Zz 
< 08 
Absorptivity Coefficient c 0 4 
‘ 
Ethiny! Aceto + 
Testos. Amobar- pheneti 2-6 6 O3p 9 44y 
terone bital din Caffeine a 0.5 « 
Minutes 6.0384 8.07 4 11.94 13.19, = 04 y 3 
720 107 an ad 
10 765 134 256 Os <= ot 
15 770 143 27 98 = ea 
20 136 287 


25 137 272 


netidin (m.p. 135°) and amobarbital (m. p 156 


158.5°) did not exhibit spectral changes; however, 
phenobarbital (m.p. 174-178"), quinidine (m. p 
172-173° ), and quinine (m. p. 174-175" ) (10 , showed 


variations in spectra with grinding time 

The results of quantitative 
ethinyl 
desoxycorticosterone, 


studies on standard 
17-hydroxy-11 
cortisone, reserpine, ethinyl 
acid, amobarbital, pheno 
barbital, acetophenetidin, and caffeine revealed the 
average deviation from linearity to be within +4.0°; 
over the concentration range 0.05-0.40° % by weight 
The smallest variation of 1% 
estradiol, 
testosterone 


estradiol, hydrocortisone, 


testosterone, ascorbic 


was seen for ethinyl 
and ethinyl 
The largest variation was seen with 
ind caffeine 


hydrocortisone, cortisone, 


ascorbic acid 
In Figs. 2 
baseline 


tf are given the relationship between 
4 


ibsorbance and effective concentration for 


some of the compounds studied In general, the 


absorbance, resolution, and the reproducibility of 
the spectra were improved by heating the disks 
It is seen that the selected bands of acetophenetidin 
and caffeine follow the Beer-Lambert law within the 
described limits 

The 6.03u band of ethinyl testosterone shows line 
arity up to 0.065-0.10% by weight when the minima 
at 5.45 and 6.65 were used Disks of higher con 
from a straight line through the 
origin but show a straight line relationship with inter- 
cept at about (0.1 absorbance. In later work it was 
found that an improved relationship is obtained for 
the higher concentrations if band broadening effects 
are considered. When the product of baseline ab 
sorbance times the 


centrations vary 


band width (in cm 

at one-half the height of is plotted 
against effective concentration (Fig the 6.034 
band follows the Beer-Lambert law within +2°% for 
concentrations up to 0.25% by 


apparent 


absorbance 


weight. Concen 
can be analyzed 
using baseline absorbance alone if the standard is of 
the same concentration 


trations below or above 0.065%, 
The 9.444 band showed 
deviations of +4.0% at concentrations up to 0.25% 
by weight 

For a given compound, all bands did not follow 
the Beer-Lambert law. In addition, for some com 
pounds (caffeine and phenobarbital), bands which 
obeved the Beer-Lambert law on direct determina 
tion gave nonlinear results when the standard com 
pounds were carried through the separation proce- 
dures. Only those bands which showed linearity 
after the compound was subjected to the separation 
procedure were used 
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18 20 22 24 
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26 28 
Fig. 2.—Calibration curves of ethiny! testosterone 
showing the relationship between baseline absorb 
ance and effective concentration ( X), and between 
baseline absorbance times apparent half-band width 
and effective concentration (©) 
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Fig. 3-—Calibration data for 


(11.944) before (o) and after ( X 
bromide disks. 
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Fig. 4.—Calibration data for caffeine (13.19 ») 
before (o) and after ( X) heating potassium bromide 
disks. 
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Taste II 


Experi 
ment 
No 


3 


Ethiny! Testosterone, 6.03, 
Hand-Ground / Vibrator-Ground 
762, 762 664, 660 
746, 760 640 
758, 761 673 
763, 761 


Hand 


® Vibrator-ground 


TABLE III 


Added or 
Declared 
mg./ Tablet 


Ultraviolet 
Sample 


Standard 
Standard 
B 

D 


mg 
4.81 
26.90 
.53 
70 
48 


107 


98 


* Values represent the average of at least 


TABLE I\V.—ANALYSES OF 


Added mg 


Sample 
Description 


Standard 


Active Ingredient 
Hydrocortisone 
Hydrocortisone + 17-hydroxy- 

11-desoxycorticosterone Tablets 
Phenobarbital 
Phenobarbital 
Phenobarbital 

line 
Acetophenetidin 
Acetophenetidin 


Standard 
Tablets 
+ aminophyl- 
Tablets 
Standard 
+acetanilid Synthetic mix 


Acetophenetidin + acetanilid Synthetic mix 
Acetophenetidin 
Acetophenetidin 
Caffeine 
Caffeine 


Caffeine 


Synthetic mix 
Tablets 
Standard 
Synthetic mix 
Tablets 


614, 613 


95. 


mg 


Screntiric Epirion 


K VALvEs 


Phenobarbital, 


Acetophenetidin@ Caffeine 
Ground 9.544 11.94y 13.19% 


) 105 
249, 256 261, 274 95, 105 
272 109.5 


TABLE OF RECOVERIES FOR ETHINYL TESTOSTERONE 


Found per 


Infrared 
Hand-Ground Vibrator-Ground 
mg % 

99 
108 
96 
95 


108.0 
95.3 
101.0 
93.8 


two determinations 


SOME PHARMACEUTICAL COMPOUNDS AND PREPARATIONS* 


Found 
Ultraviolet 
or Gravi 
metric, 
mg 


or 
Declared 
Tablet 


2.02 


Infrared 
mg 


2.00 


20.0 


ooo 


50.0 


38.6 
146.5 
784 
28.6 


® These results are averages of two or more determinations. 6 Gravimetric 


In Table Il are given some of the K values for the 
selected bands obtained from ethinyl testosterone, 
phenobarbital, acetophenetidin, and caffeine which 
were carried through the given procedures. It is 
seen that, except for caffeine, the values agree within 
3% with the average values. A maximum of 8% 
variation from the average was shown by caffeine. 
The average K values of duplicate disks of the stand- 
ard compounds were used in the determination of 
the corresponding pharmaceutical preparations 

The results which are given in Tables III and IV 
were corrected for the recoveries of the standards 
from the described procedures. In Table III are 
seen the results of ultraviolet and infrared deter 
minations of ethinyl testosterone from recovery 
experiments and from analyses of tablets using the 
described procedure. On the basis of ultraviolet 
and infrared results, a 99% recovery was obtained of 


this compound from the procedure. The analyses of 
several tablets reveal excellent agreement (within 
1-2%) between ultraviolet and infrared data. 

From Table IV, it is seen that there is a 3.5 
4.5% variation between the infrared and gravimetric 
determinations of hydrocortisone and of 17-hydroxy- 
11-desoxycorticosterone. Acetophenetidin, as de- 
termined by infrared, agreed within 1% with those 
results determined by ultraviolet spectrophotometry. 
Analyses of quantitative mixtures of this compound 
with acetanilid showed 99° of the amount added. 
A 100% recovery was obtained when standard ace- 
tophenetidin was carried through the separation 
procedure 

The greatest disparity was seen between the ul- 
traviolet and infrared determinations of caffeine. 
Although a 99% recovery of standard caffeine was 
obtained by ultraviolet determinations, the recovery 
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‘ 25 24 | 
25 5 27.5 
10 3 4 
25 8 24 
10 8 9.4 
8.6 43.0 9.5 47 
56.0 10.5 52 
{8.1 96.2 47.3 04. J 
97.2 04.4 97.1 94.8 07.5 
32.4 31.6 97.5 32.1 99.0 
37.0 37.1 100.2 37.4 101.1 
1.0 0.994 99.4 
0.1 
1.0 0.990 99.0 
0.5 | 
37.0 104.3 38.5 104.1 
as 162.2 90.3 147.0 90.6 
7.34 99.0 6.9-7.56 94-103 
7.36 106.5 7.75 105.2 { 
32.4 88.1 29.5 91.0 
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as indicated by infrared determinations varied be 
tween 94 and 103°, As shown in Table IV, when 
an average K value is used, the infrared results from 
the analyses of a synthetic mixture agree within 1.2% 
with ultraviolet results. The analyses of a tablet 
mixture revealed an average variation of 3.0% 
The fact that this compound became slightly dis 
colored on evaporation to dryness after the separa- 
tion may explain the larger variations 

Phenobarbital exhibited three spectra when at- 
tempts were made to apply the vibrator-grinding 
procedure. Because of this, the hand-grinding pro 
cedure was used in the analysis of this compound 
Under the described procedure, a single reproducible 
spectruin was obtained. Comparison of the 5.88u 
carbonyl band of standard and sample carried 
through the same procedure gave results which 
agreed within 1% of the ultraviolet results. In the 
preparation containing aminophylline, there was a 
1.5% difference between ultraviolet and infrared 
results. The recovery of standard phenobarbital 
from the column was 96% of the amount added 

Attempts to analyze reserpine and ascorbic acid in 
dosage forms were unsuccessful because of the in- 
stability of these compounds 

The effect of crystalline form on the infrared spec 
tra of solids has been emphasized (1, 6, 20). Since 
the relationship between structure and vibration 
spectrum of a crystalline compound is based on the 
unit cell of the crystal and not on the individual 
molecules (13), it is apparent that the standard and 
sample must have the same crystalline form in order 
to produce identical infrared spectra. The methods 
described here insure the use of identical crystalline 
forms for standard and unknown by subjecting them 
to identical treatment. The inclusion of the steps 
for removing final traces of solvent and adsorbed 
water from the potassium bromide-compound mix 
ture eliminates the effects of solvent bands on the 
spectrum 

The results show that the quantitative potassium 
bromide method can be used in the analysis of com 
pounds of varied types. The agreement between 
the added amounts and the amounts detected when 
standards were subjected to the separation proce- 
dures is evidence of the excellent recovery for most 
of the compounds. The agreement between ultra- 
violet and infrared results on pharmaceutical prep 
arations attests to the usefulness of this procedure 
Provided anomalous spectra are not encountered, 
the results from analyses of potassium bromide disks 
can provide both quantitative determination and 
qualitative identification 

Because of the time involved in preliminary inves 
tigation, it is thought that this method will be most 
widely applicable and acceptable for the analyses of 
polar and isomeric compounds which cannot be 
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analyzed more easily by combining more conven- 
tional means of determination with identification by 
infrared spectroscopy 


SUMMARY 


These experiments show that the quantitative 
potassium bromide method can be applied in the 
analyses of compounds of varied origin. In gen 
eral, the results agree within | to 4 per cent with 
the amount added or detected by other means in 
synthetic mixtures and in recovery experiments 
Comparison of standard and sample subjected to 
the same separation procedure, the same solvent, 
and the same grinding regimen give infrared re 
sults which agree within 3 per cent with those 
obtained from more conventional methods of 
analysis of pharmaceutical preparations 
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Infrared Analysis of Pharmaceuticals I" 


A Study of the Cinchona Alkaloids in Potassium Bromide Disks 


By ALMA L. HAYDEN and OSCAR R. SAMMUL 


In the course of an investigation into the 
applicability of a quantitative potassium bro- 
mide disk method to various drugs and chemi- 
cals, the cinchona alkaloids, quinidine, qui- 
nine, cinchonine, and cheshostiinn were stud- 
ied. Under certain experimental conditions, 
possibly due to the formation of dimorphous 
and amorphous forms, anomalous spectra 
were obtained for quinidine and quinine. 
Cinchonine and cinchonidine did not exhibit 
significant variations in spectra under the 
conditions investigated. 


oo of the similarity in structure between 
quinidine and quinine, and between cinchonine 
and because of rotational 


and cinchonidine, 


isomerism, the infrared spectra of the two iso 
mers of each series in carbon disulfide or chloro 
form solutions (Figs. | and 2) are very similar 
As a result, these spectra are not easily differen- 
tiated, nor do they afford unequivocable quan 
titative determination when the presence of the 
isomer is possible 

The publication in 1952 (13, 14) of the po 
disk has resulted in 
.pplications to compounds of varied 


tassium bromide method 


successful 
been several re 


there have 


10-12) of anomalous spectra ob 


origin. However, 


ports (1-3, 6, 
tained with this method. In general, the origins 
of these anomalies may be placed in four groups: 
(a) formation of polymorphic crystalline forms, 
(6) formation of amorphous materials, (c) forma 
tion of hydrates, and (d) chemical transforma 
tions or combinations 

When an attempt was made to apply a quan- 
titative potassium bromide method (7) to four 
cinchona alkaloids, anomalies of groups (a) and 
(b) were indicated with quinidine and quinine 
Cinchonine and cinchonidine were stable under 
ihe conditions studied 


EXPERIMENTAL 


Quinidine was purified by formation of the tartrate 
and the hydroiodide, followed by neutralization, and 
recrystallization from benzene. Quinine 
tained by formation of the oxalate from the recrys 
tallized hydrochloride, with subsequent neutraliza- 


was ob- 


* Received October 30, 1959, from the Division of Pharma 
coutical Chemistry, Food and Drug Administration, Wash 
ington, D. C 

The authors are greatly indebted to Jonas Carol for his 
advice and criticism throughout this investigation 

The crystallographic determinations by Arnold Schulze 
are gratefully acknowledged 


tion with ammonium hydroxide, and recrystalliza- 
tion from benzene. Cinchonine was purified by the 
mercuric acetate process (15), and was recrystallized 
from boiling alcohol or from benzene. Cinchonidine 
was purified by formation of the tartrate and sub- 
sequent neutralization. Recrystallization was ef- 
fected from one part alkaloid in thirty parts benzene 
or in six parts alcohol. The recrystallized alkaloids 
were dried at 105° under high vacuum. Their melt- 
ing points (uncorrected) on a Fisher-Johns melting 
block were: quinidine, 172-173°; quinine, 174 
175.5°; cinchonidine, 206-207°; and cinchonine 
sublimed with decomposition, about 245°. In a 
sealed tube, cinchonine melts at 255° 

The spectra were obtained with a Perkin-Elmer 
model 21 double-beam spectrophotometer with 
sodium chloride optics. The spectra of the carbon 
disulfide solutions (less than 3 mg. per ml.) were 
determined using a 3-mm. microcell compensated 
with a variable space cell. The spectra of the chloro- 
form solutions (3-10 mg. per ml.) were determined 
with l-mm. macrocells 

In general, the potassium bromide mixtures and 
disks for qualitative and quantitative spectra were 
prepared as described (7) from aliquots of a benzene 
or methyl alcohol solution (1.0 mg. per ml.). For 
quantitative determinations, hand-grinding of solu- 
tions for ten minutes or vibrator-grinding of resi- 
dues, which had been heated at 105°, for five minutes 
was employed. The resulting potassium bromide 
mixtures and disks were heated at 105° and the 
spectra were measured 


RESULTS AND DISCUSSION 


When the four recrystallized alkaloids were dis- 
persed in potassium bromide under moderate condi- 
tions (7), their infrared spectra (Fig. 3) were dis- 
tinctly different. Disks of cinchonine and cin- 
chonidine (Fig. 4) followed the Beer-Lambert law 
within +3.0° up to a concentration of 0.4% by 
weight at 13.08 and 13.194, respectively 

Quinidine, recrystallized from benzene and dried 
at 105° in vacuum, gave spectrum A of Fig. 5 when 
1 mg. was ground for one or two minutes with 200 
mg. of potassium bromide. Spectrum B was ob- 
tained on vibrator- or hand-grinding this mixture 
for five or ten minutes, respectively In addition 
spectrum B was obtained when quinidine was vibra- 
tor-ground, and the fused product was dispersed in 
potassium bromide under moderate conditions. On 
microscopic examination, this fused product ap- 
peared to be a mixture of crystals and amorphous 
material 

Continued grinding of form B resulted in partial 
reversion to form A. The rates of the transforma- 
tions varied with the amounts of starting materials, 
the grinding time, and the force applied by hand or 
by the steel balls in the vibrator. In Fig. 6 are 
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Fig. 2.—Infrared spectra of cinchonine (A) and cinchonidine (B) in chloroform 


shown some changes in spectrum in the 6—9u region 
with grinding time 

There have been reports of differences in the spec- 
tra of polymorphic forms of various compounds (4, 5, 
9). Chapman (4) obtained the lowest melting forms 
of certain glycerides by quenching the liquids to 0° 
Higher melting forms were detected by heating the 
quenched material or by cooling the liquid, while 
rapidly scanning parts of the infrared spectrum 
When quinidine was melted ynder anhydrous 


conditions under vacuum and the melt was quenched 
at 0° to —2°, the resulting glassy material was faintly 
yellow and gave spectrum B of Fig. 5. Ona Fisher 
Johns melting block, under 10 magnification, the 
quenched quinidine showed a transition point with 
partial melting at 74-76°, resolidification and gradual 
opaqueness above 85°, and final melting at 171 
72°. The transition at 74-76° was not as apparent 
for the ground quinidine. However, spectrum A of 
Fig. 5 was obtained when this material was heated 
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Infrared spectra of quinidine (A), quinine (B), cinchonine (C), and cinchonidine (D) in potassium 
bromide disks 


melted at 170-171°. Spectrum A was obtained 
from both final melting materials and from disks of 
form B which were heated at 75° or above 
Presumably, form B is produced as a result of 
localized heating and cooling during the grinding 
process. As suggested by Roberts (12), it is possible 
that as the sample is subjected to frictional forces 
during grinding, the local temperature is raised 
above the melting point of the compound. As these 
forces are removed from the crystals, immediate 
cooling might effect a rearranged form which is 
Per cent by weight X thickness X 10™* stable up to 75 At higher temperatures, re- 
Fig. 4—Calibration curves of cinchonidine at arrangement to the crystal lattice of the higher-melt- 
13.19@ (A), cinchonine at 13.08% (8), and quinine '™8 form could occur. This view is supported by 
at 8.024 (C) in potassium bromide disks the experiments with the quenched melt, by the 
fused condition of quinidine when ground under 
at that temperature for thirty minutes. The extreme conditions, and by the transition at 74-76° 
ground quinidine became opaque above 85° and The spectrum of form B is somewhat similar to 
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A), fifteen minutes (8), thirty minutes 


from 95°) ethvl 
rherefore, the 


similarity of its spectrum to those of disks of quinine 


those of quinidine recrystallized 


alcohol and from water (Fig. 7 


and of quinidine and quinine in solution is not con 
strued as the 
the ground 
crystalline solvates were dried at 


result of amorphous material alone in 
When the 
in vacuum, 


1 mole ethyl 


or quenched quinidine 
105° 
there was a loss in weight equivalent to 
aleohol and 1! 


reversion to form A 


moles of water, respectively, and 
Crystallographic examinations 
the a 

Al 


solvates 


of these compounds were incomplete; only 
determined 
refractive index of the 
of form A were different the indexes of 
form B were similar to those of form A 

Hydrate formation, in explanation of spec 
trum 8 of quinidine, ruled out when the 
ground or quenched material was dried at 105° 
under vacuum for three hours with reversion to form 


and refractive indexes were 


a oF 


though the 
and those 


wa 


The 6-9 spectral region of quinidine in potassium bromide disks after grinding 
C), forty-five minutes (D 


(em 


microns) 


for one minute 
, and after melting and quenching (£ 


A without loss in weight. Compound decomposi 
tion or structural rearrangement is unlikely because 
of the ease of conversion from one form to the other 
In addition, the appearance of form B on melting 
ind quenching, the final melting point of the re 
verted quinidine, and the optical rotation values 
shown in Table I, make the possibility of significant 
decomposition or rearrangement remote 
TABLE [.—OptTicaL ROTATION VALUES 

Absolute 
24°C 


in 


Sample Ethanol 
Quinidine 
Quinidine 
Quinidine 
Quinidine 
Quinidine 
Quinidine 
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quenched (B 


Although the presence of dimorphous material in 
form B is indicated, an unequivocable assignment 
must await additional information, including com 
plete crystallographic data. However, as the rela 
tionship between the structure and vibration spec 
trum of a crystalline compound is based on the unit 
cell of the crystal (8), the observed differences be 
tween the two spectra of quinidine are understand- 
able. 


Infrared spectra of quinine moderately ground (A), and vigorously 
in potassium bromide disks 


10 11 
microns) 


ground or melted and 


Somewhat less spectral variations were encoun- 
tered with disks of quinine (Fig. 8). The grind and 
the quenched melt were obtained under conditions 
similar to those described for quinidine. However, 
the transformations were controlled by hand-grind- 
ing and by heating disks of quinine at temperatures 
above 75°. The relationship between absorbance 
at 8.02u and effective concentration is shown in 
Fig. 4. 
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It has been suggested (1) that the occurrence of 
polymorphism with the potassium bromide method 
is related to the crystal energy of the compound and 
to the stability of the polymorphic form. Sig 
nificantly, the spectrum of the quenched melt of 
cinchonine is identical with that of the recrystallized 
alkaloid. Except for increased absorbance at 10.92y 
at the expense of the 11.05 band, the spectra of the 
quenched melt of cinchonidine and the starting 
material were the same. There were no significant 
changes in the spectra of these two alkaloids after 
vibrator-grinding for periods up to forty-five 
minutes. The stability of acetophenetidin (mp 
135°) and amobarbital (m. p. 158 7), under the 
given experimental conditions, reveals that spectral 
Variations are not dependent on melting point 

Some attempts to control the conversion of quini 
dine by reducing the grinding time and force, and 
by vibrator-grinding at 80° were not quantitatively 
4 reproducible. Work is in progress on a method of 
‘1 determination by ultraviolet or infrared spectro 
photometry and identification by infrared spectros 
copy of potassium bron.ide disks 


SUMMARY 


Dimorphous and amorphous forms of quini 
dine and quinine are indicated when these com 
pounds are ground with or without potassium 
bromide. By heating quinine-potassium bromide 
mixtures and the resulting disks, a linear relation 
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ship between absorbance and concentration 
times thickness is obtained. Quantitative de 
terminations of quinidine in potassium bromide 
are variable 

Cinchonine and cinchonidine do not exhibit 
significant spectral variations under the ex 
perimental conditions. Their disks follow the 
Beer-Lambert law at concentrations up to 0.4 
per cent by weight 
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Preparation of Tritium-Labeled Halothane 
(2-Bromo-2-chloro-1,1,1-trifluoroethane) 


By CALVIN HANNA 


Halothane was labeled with tritium (Wilz- 
bach method) by exposure to 2.3 curies of 
tritium gas for fourteen days. The one hy- 
drogen of the molecule was labeled and on 
purification gave a final specific activity of 2.9 
mc. per Gm. In the preparation a consider- 
able amount of ‘loose’ tritium and highly 
active impurities were separated and the 
purity of the final product following gas 
chromatographic purification was better than 
99.95 per cent. 


ALOTHANE' (CF;-CHBrCl) 1s receiving at 
tention as a new general anesthetic agent 
(1). This compound gives fast inductions and 


* Received November 1959, from the University of Ver 
mont, College of Medicine, Burlington 
This investigation was supported by a senior research fel 
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- Fluothane is the reistered trade name of halothane of 
Ayerst Laboratories, Inc... New York, N. ¥ 


recoveries and has been used safely in over five 
thousand patients (2 Due to the anesthetic 
potency of this material the inhaled concentra 
tion should not exceed two per cent (2) which 
means rather low blood levels for an anesthetic 
agent. Due to the chemical stability of halo 
thane the chemical procedure for its determina 
tion in blood and tissues is difficuit and time con 
suming (3). An alternate approach to this prob- 
lem is to use isotopically-labeled halothane as a 
tracer in designing and testing new methods for 
its determination. Tritrum-labeled halothane 
was prepared by the Wilzbach method (4) and 
this report covers the purification and determina 
tion of the chemical purity of the final labeled 
product 
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PROCEDURES 


Tritiation.Two and one-half milliliters of halo 
thane (Fluothane, Ayerst Laboratories, Inc., New 
York, N. Y., containing 0.01% thymol and less than 
0.005% impurities) was sealed in a 20-ml. round- 
bottom flask (fitted with a break seal), with 2.3 
curies of tritium gas at 27° and 0.39 atm. for four 
teen days. The flask was cooled in liquid nitrogen, 
opened and the excess tritium gas pumped off. The 
remaining radioactivity was 85 mc. of tritium per 
mil. of halothane 

Purification..-The flask resealed and a 
ground-glass joint fused to the open end of the break 
seal. A long condenser was attached and 20 ml. of 
ice cold water was poured into the condenser. 
Halothane is very volatile and this heavy liquid was 
kept under water in the cold. After the flask was 
cooled the break seal was smashed with a long glass 
rod through the condenser. The contents of the 
flask were shaken for one hour and a sample of the 
organic layer was assayed, giving an activity of 18 
mc. per ml., with the remaining activity being in the 
aqueous layer 

For purification a 1-ml 
layer was mixed with 9 ml. of nonlabeled halothane 
under 10 ml. of cold water. After extracting the or 
ganic layer with four additional 10-ml. aliquots of 
water in order to remaining 
tritium, the organic layer was again assayed, giving 
a specific activity of the diluted material of 1.4 mc 
per ml. Next the organic layer was washed with 10- 
ml. aliquots of dilute hydrochloric acid, dilute 
sodium hydroxide, and finally with water. The 
organic layer was then distilled from 20 ml. of water, 
giving an activity of 1.0 me. per ml. A sample of 
this was subjected to gas chromatographic separation 
and analysis. The organic layer was fractionated by 
one through a dinonyl phthalate column 
and then by two passes (stages 2 and 3 
through a polyethylene glycol column. 
were as follows: 


was 


aliquot of the organic 


remove any loose 


pass 
(stage | 
The results 


(a) Stage 1, ‘light’ fraction (at 2% of the total 
volume) containing halothane with normal halo 
thane impurities 

(b) Stage 1, ‘heavy’ fraction (at 1°) of the total 
volume) containing halothane with any impurities 
of longer retention time. The main fraction in 
stage 1 was refractionated 

(c) Stage 2, ‘heavy’ fraction (at 10°) of the total 
volume) containing impurities, and halo 
thane. The main fraction from stage 2 was refrac- 
tionated 


water, 
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(d) Stage 3, ‘heavy’ fraction (at 2% of the total 
volume) containing traces of halothane, impurities, 
and water 
ée) Stage 3, ‘main’ fraction (at 85°, of the total 
volume) containing chromatographically pure (less 
than 0.005°, impurity) halothane 


Of the total radioactivity in the fractioned sample 
(a) had 29%, (b) 14°, (c) 2%, (d) trace, and (e) 
the main fraction 55°,. The specific activity of the 
original halothane before dilution was 2.9 mc./Gm. 
The purity of the diluted (1:10 v/v) halothane was 
better than 99.995°, or the purity of the original 
product was better than 99.95 

Counting.—-Halothane-tritium was counted in a 
liquid scintillation counter (Packard Tri-Carb) using 
toluene-tritium as the internal standard. The 
counting solution was composed of 4 Gm./L. of 
DPO (2,5-diphenyloxazole) and 100 mg./L. of 
POPOP [1,4-di(5-phenyloxazolyl)benzene] tol- 
uene 


DISCUSSION 


Some of the original activity could have been due 
in part to the labeling of the thymol 0.01% and 
traces of normal halothane impurities of less than 
0.005% The thymol should have been removed 
during the repeated washings and on distillation 
Some halothane was lust with the repeated washings 
since the solubility at 20° in water is 3.45 mg./ml. 
To reduce this loss the extractions were carried out 
in the cold at near 0° and in the final step excess 
water was separated mechanically by freezing in a 
dry ice-acetone mixture with the organic layer being 
decanted from the ice crystals. The vapor pressure 


of this liquid presents problems in purification since 
it is quite volatile and must be transferred to pre- 


cooled equipment 
equation log p = 


The vapor pressure follows the 
7.689 (1555/T), where p is in 
mm. Hg and T is in absolute temperature units 

The diluted halothane-tritium can be counted in 
a liquid scintillation counter at 22° efficiency and it 
can be assayed in concentrations of less than 0.1 
mg. with suitable statistical accuracy. This material 
is being used to calibrate an infrared method of 
measuring halothane after it is extracted from blood 
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A Study of Aqueous Medicinal Lubricants* 


By GERHARD LEVY? and T. W. SCHWARZ 


The relation of viscosity and solid concentra- 
tion to the lubricant effect of aqueous solu- 
tions of methylcellulose was investigated. 
Lubricity increased directly with solid con- 
centration, while the high viscosity at greater 
methylcellulose concentrations prevented any 
further lubricity increase. Glycerin, poly- 
ethylene glycol 400, and propylene glycol are 
effective lubricants over a wide concentration 
range under the conditions tested. 


T= FORMULATION of aqueous jellies and liquids 
designed to reduce the friction as well as the 
resulting pain and trauma encountered when in 
serting various devices into anatomical passages 
involves a consideration of the qualitative and 
quantitative effect of potential constituents on the 
lubricating property of the final product. In 
addition, the relationship between the rheologic 
characteristics of the product and its lubricating 
property must be established 
We have recently described a method for the 
measurement of the lubricating property of 
medicinal products by means of a specially de 
signed instrument, the lubrimeter (1) rhe pres 
ent report deals with a study of aqueous medic 
inal lubricants and the effect of viscosity, con 
centration of hydrocolloid, and addition of a 
polyol on lubricating property 
to motion when one 


Friction, the resistance 


solid body slides over another, is due to the 
junctions formed at the regions of real contact 
between the two bodies (2). Such areas of con 
tact are very small relative to the actual surface 
area and involve only the tips of the asperities 
of sur 


that are found on even the “‘smoothest’ 


faces. Ordinarily, the real area of contact is 
determined primarily by the load and the yield 
pressure of the materials and is not dependent on 
surface area. In the case of elastic or visco 
elastic materials such as polyethylene or epi 
thelium, the area of contact is no longer directly 
proportional to the load and as a result, the co 
efficient of friction increases as the load is reduced 
(2). For this reason, it is important that me- 
dicinal lubrica::ts be tested under much lower loads 
than those utilized in evaluating engine lubricants 

A basic law of friction states that it is propor 


tional to the load between surfaces. This law, 
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however, holds only for dry friction, where the 
opposing surfaces are free of any film (3). It 
does not directly apply to skin and mucous mem 
branes, another reason why the load must be 
kept low enough to be within the range commonly 
encountered in clinical practice 

For the purpose of this investigation of the 
relationship between viscosity and lubricant effect 
a series of solutions of two grades of methyl- 
cellulose, one a high molecular weight polymer and 
the other a low molecular weight polymer, were 
prepared and their lubricant effect evaluated 
The two series of solutions may be expected to 
The 


individual solutions differ primarily in their vis 


exhibit one basic type of flow characteristics 


cosity and solid content. It was also our purpose 
to determine the lubricating effect of polyols, 
such as propylene glycol and glycerin, since these 
substances are common constituents of lubricat 
ing jellies, liquids, and lotions. The lubricating 
effects of the pure polyols, of their aqueous solu 
tions, and of methycellulose solutions containing 
a given concentration of a polyol were estab 
lished 


EXPERIMENTAL 
Apparatus.—-The ‘‘Lubrimeter’’ consists of a 
polished brass roller which is rotated by a synchro- 
motor at various selected constant speeds. On this 
roller rests a drum which with ribbed 
polyethylene sheeting. The drum is free to rotate 
around its own axis. The roller is partly immersed 
in a pan that serves as a reservoir for the lubricant 
As the roller rotates, the drum turns in the opposite 
direction as a result of friction. The torque exerted 
on the drum is a measure of the frictional force and 
is determined by means of selected springs cali 
brated in grams. A detailed description of the instru 
ment can be found in our previous report (1) 

Procedure.—The procedure is identical to the one 
previously described (1). The reported friction 
values were determined at 25° + 2.5° and 
average values obtained from two series of six 
determinations each 


is covered 


were 


The difference between the 
average values of the two series was less than 3°; 
Materials.—The solutions were prepared from 
Methocel 909 HG 4000 and Methocel 90 HG 400 
(hydroxypropyl methycellulose)' by adding the 
proper amount to distilled water previously heated 
to about 80°. The water contained 0.15°) methyl! 
paraben and 0.025% propylparaben as preserva- 
tives. The solutions were then placed in a refrig- 
erator for twenty-four hours 
Glycerin, propylene glycol, 
glycol 400 were of U.S. P. grade 


and polyethylene 


! Dow Chemical Co., Midland, Mich 
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Viscosity Determinations. Viscosity measure- 
ments were made with the Brookfield viscometer, 
model LVF, at 25°, 60 r. p. m., after ten minutes of 
spindle rotation. The Brookfield viscosity units 
shown in Fig. 1 would, in the case of Newtonian 
liquids, represent centipoise. 


100 


FRICTION VALVE (GM) 


~ 


24 6 8 W 12 14 


BROOKFIELD VISCOSITY UNITS 107 


16 18 


Fig. 1.--The relation of viscosity to lubricity 
ae @ Methocel 90 HG 4000; O O Methocel 
90 HG 400; A A Methocel 90 HG 4000 with 
propylene glycol 20°, v/v 


RESULTS AND DISCUSSION 
between the viscosity and 
lubricant effect of methylcellulose solutions is 
shown in Fig. 1. Curve | represents solutions of 
Methocel 90 HG 4000, while curve II represents 
solutions of the lower molecular weight polymer, 
Methocel 90 HG 400. The rapid initial increase in 
lubricity, indicated in Fig. 1 by a decline of friction 
value, levels off at higher viscosities. In fact, 
curve I indicates a range of maximum lubricant 
effect and a slight decrease in lubricity at viscosities 
above the optimum range. It must be recognized 
that quantitatively this optimum range holds true 
only under the conditions of the test, and may vary 
with load and velocity of the moving surface 

The significance of viscosity in lubrication has 
been studied extensively in the engineering sciences. 
In instances of hydrodynamic (‘‘full fluid’) lubrica- 
tion, the moving surfaces are completely separated 
by a continuous film of lubricant. Since it is gen- 
erally accepted that there is no slip of the liquid at 
the solid surfaces, the resistance to motion (the 
resisting torque in the lubrimeter) is proportionai to 
the coefficient of viscosity (4). If the lubricant 
exhibits Newtonian flow, the resistance to motion 
is also proportional to the velocity at which one 
wlid surface moves relative to the opposing surface 
These relationships are essentially based on New 
ton's law of viscous flow. Thus, resistance to 
motion is also inversely proportional to the clearance 


The relationship 
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between opposing surfaces. These factors along 
with dimensional considerations constitute Petroff’s 
equation which with the resisting torque 
encountered in lubricated bearings (5) This 
equation has been shown to provide reasonably 
accurate estimates of actual friction 

On the basis of the foregoing discussion, it 
appears that the lower the viscosity of the lubricant, 
the lower the resistance to motion. This is true 
only up to a certain limit. As the viscosity of the 
lubricant decreases, its ‘‘load-carrying”’ capacity also 
diminishes, and the distance between the opposing 
surfaces is reduced 


deals 


If this distance becomes less 
than the height of the surface irregularities, direct 
contact between the opposing surfaces may be 
established and the coefficient of friction becomes 
much larger. The low “load-carrying” capacity at 
low viscosities and the resistance to motion en- 
countered at high viscosities account for a range of 
optimum viscosity for lubrication under specified 
conditions 

The correlation of lubricity with the viscosity of 
non-Newtonian liquids, such as solutions of methyl- 
cellulose, is much more complex than the straight- 
forward relation of viscosity of Newtonian liquids 
to their lubricant effect. The rate of shear, to 
which the solutions are subjected when they exist 
as a lubricant film between opposing surfaces, will 
vary extensively throughout the film because the 
clearance between the opposing surfaces varies 
widely and changes constantly. The viscosity of 
methylcellulose solutions changes accordingly, since 
the apparent viscosity coefficient of non- Newtonians 
is dependent on the rate of shear. Our choice of 
shear rate for the determination of viscosity had to 
be arbitrary and, therefore, the correlation of non- 
Newtonian viscosity with lubricant effect can, at 
best, be only descriptive 

A comparison of curves I and II in Fig. I shows 
that, at equal viscosities, the lubricant effect of the 
two grades of methylcellulose differs markedly 
The solid content of the Methocel 400 solutions is 
much greater than that of the Methocel 4000 solu- 
tions of equal viscosity by reason of the lower 
degree of polymerization of the former. Figure 2 
shows a plot of friction values against per cent 
solid content. Significantly, the lubricant effect 
increased (i. e., friction values decreased) in linear 
fashion with increasing solid content Moreover, 
there was relatively little difference between the two 
grades of methylcellulose; they could almost be 
plotted on the same curve. This linear relationship 
holds true up to a certain point, at which a sudden 
cut-off or levelling-off occurs. By comparison with 
Fig. 1, it can be seen that this cut-off occurs when the 
viscosity becomes sufficiently high to interfere with 
lubrication. 

The data appear to indicate that the lubricant 
quality of methylcellulose solutions is primarily a 
function of their solid content. High viscosity as a 
result of increasing solid concentrations limits 
further lowering of the friction value. Beyond a 
certain viscosity, lubricity does not increase and 
apparently even decreases, as curve I, Fig. 1 
indicates 

These observations may be explained in the 
light of the experiences gained by lubrication engi- 
neers. At low sliding speeds which are representa- 
tive of clinical conditions, the lubricant film may 
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Fig. 2.—-The relation of solid concentration to 
lubricity. @ @ Methocel 90 HG 4000; O oO 
Methocel 90 HG 400; A A Methocel 90 HG 4000 
with propylene glycol 20°; v/v 
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break down and a partial transition of hydrodynamic 
lubrication to boundary lubrication may take place 
The latter is a condition where the sliding surfaces 
are separated by very thin lubricant films which at 
times may be only a few molecules thick. In this 
case, viscosity is less important as a determining 
factor for lubricity than the chemical constitution 
of the lubricant 

Effective boundary lubrication requires the 
presence of a layer of lubricant molecules on the 
sliding surfaces. Higher concentrations of methyl- 
cellulose in the lubricant solution should provide a 
more layer of the hydrocolloid 
Since equal concentrations by weight of the polymer, 
regardless of the degree of polymerization, will 
provide about the same number of monomer units 
per volume of solution, it may be expected that 
equal concentrations by weight of methylcellulose, 
regardless of molecular weight, will exhibit a similar 
lubricant effect. This was found to be the case in 
our investigation up to the point where high vis 
cosity interferes with lubrication 

Figure 3 represents the relation of concentration 
to the lubricant property of glycerin 
solutions. The graph shows that glycerin is an 
effective lubricant under the tested. 
The lubricant properties increase with concentration, 
but are significant even in aqueous solutions con 
taining only 20°, glycerin. Significantly, the major 
increase in lubricity occurs in the lower concentra 
tion region when the viscosity changes are minor 
At higher glycerin concentrations (above 50%), 
the changes in lubricity are not as great, while the 
viscosity increases profoundly 

An examination of two other polyols commonly 
used as components of medicinal lubricants, pro- 
pylene glycol and polyethylene glycol 400, shows that 
their lubricant effect does not differ significantly 
from that of glycerin under the conditions tested 
The results are tabulated in Table I 

Finally, it is of interest to determine the effect of 
a polyol when added iv a solution of a hydrocolloid 
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Fig. 3.—The lubricity of glycerin U.S.P. 


TABLE |I.—-FRICTION VALUES OF POLYOLS 


20% Aq 
Soln., 
Gm 
Glycerin 2% 138 
Propylene glycol 2% 141 
Polyethylene glycol 400 7 130 
Water* 


Added for comparison 


such as methylcellulose. This is shown by curve III 
in both Figs. l and 2. In both instances, regardless 
of whether friction value is plotted against viscosity 
or solid concentration, it can be that the 
lubricant effect significantly upon the 
addition of propylene glycol. 


seen 
increases 


SUMMARY AND CONCLUSIONS 


1. The effect of viscosity and solid concentra 
tion on the lubricity of aqueous methylcellulose 
solutions was investigated with the lubrimeter. 
The lubricating effect of selected polyols was 
also investigated 

2. The results indicate that the lubricating 
effect 
directly with solid concentration, while the con 


of methylcellulose solutions increases 
comitantly increasing viscosity becomes the limit 
ing factor 

3. Glycerin, propylene glycol, and polyeth 


ylene glycol 400 are effective lubricants. Pro- 


pylene glycol enhanced the lubricity of methyl- 


cellulose solutions 
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Ultraviolet Photometric Assay of Thiopental and 
Pentobarbital in Blood and Plasma‘ 


By STEPHEN I. OROSZLAN and GERTRUDE D. MAENGWYN-DAVIES 


A procedure for the determination of sodium 
pentobarbital and sodium thiopental under 
rigidly standardized conditions of extraction, 
using Allen’s absorption factor, is described. 
This method makes possible the reliable 
quantitative determination of 1 mcg./ml. or 
smaller concentration differences. In an 
appendix Allen's absorption factor for 


sodium pentobarbital is derived. 


photometric estimation of steroids 


CORRECTION FACTOR derived by Allen (1) 
is used routinely in the quantitative spectro 
This 


sorption factor, derived from a reading at the 


ad- 


peak of absorption and at two wavelengths 
equidistant below and above the peak, can be 
employed when the background absorption is 
linear or nearly linear within the three wave 
lengths used.’ 

It was already reported by Broughton (2) 
that a linear absorption spectrum is obtained 
l 


region where the 


in blood extracts of approximately pH 
(in 0.45 N NaOH) in the U. V 
barbiturates exhibit their characteristic absorp- 
that pH. We 


vestigated whether or not a more sensitive method 


tion maxima at therefore in- 


for the determination of pentobarbital and thio 
pental might be devised, under rigidly standard 


ized conditions, employing Allen's correction 


factor. 


EXPERIMENTAL 


Reagents 


l NaOH stock solution, 50% (w/v). (@) NaOH, 
0.45 N, made fresh daily from NaOH stock solution 
and (6) NaOH, 0.2 N, made fresh daily from NaOH 
stock solution 

2. Chloroform, reagent grade (certified, Fisher 
Scientific Co.), washed daily with 1 N NaOH and 
distilled water, according tc Goldbaum (3) 

3. NaCl, reagent grade (Merck and Co., Inc.), 
0.850) solution 

4. Sodium pentobarbital (Nembutal Sodium, 
Abbott Laboratories) stock solution (0.4 mg./ml.) 
in 0.45 N NaOH, freshly prepared daily and kept 
refrigerated 

5. Sodium thiopental (Pentothal Sodium, Ab- 
bott Laboratories) stock solution (0.1 mg./ml.) in 
0.2 N NaOH, freshly prepared daily and used 
immediately after preparation 

All solutions were made with glass distilled water 

* Received October 22, 1959, from Georgetown University 
Schools of Medicine and Dentistry, Washington 7, D. C 

Aided by Grant B-1828, National Institute of Neurvlogical 


Diseases and Blindness, USPHS 
! See Appendix 


Procedure 


Preparation of Standard Curve for Sodium Pento- 
barbital.—-Appropriate dilutions of stock solution 
No. 4 were made in 0.45 N NaOH and read in the 
Beckman DU spectrophotometer in silica cells (1- 
cm, light path; slit width, 0.22; temperature, 22°) 
at three wavelengths, 245, 255 (absorption maxi- 
mum), and 265 mp. NaOH, 0.45 N, served as 
reference solution. Calculations, using Allen’s (1) 
factor, were made as follows: 


Sodium pentobarbital was determined in the range 
of 5 to 25 meg./ml. The standard curve, shown in 
Fig. 1, was obtained by plotting F on the ordinate 
against meg./ml. of the drug on the abscissa 
Since a straight line is obtained for this plot, it 
obeys Beer-Lambert’s law 

Preparation of Standard Curve for Sodium Thio- 
pental.—This standard curve, also shown in Fig. 1, 
was made by appropriate dilutions of the stock 
solution No. 5 in 0.2 N NaOH, and read against 
0.2 N NaOH as reference solution in the Beckman 
DU spectrophotometer under the same conditions 
The maximum absorption for 
sodium thiopental was obtained at 305 my, and 
therefore, two more readings were taken at 295 and 
315 mp. The standard curve for this drug, ob- 
tained in the range of 1 to 10 mcg./ml., was calcu- 
lated as follows: 


as described above 


Ags + Ans 


9 


I. THIOPENTAL 


E295 + Esis 
( F*E 305 -— > —) 
IL. NEMBUTAL 
( - + ) 
2 


meg. /ml 
Fig. 1.-Barbiturate standard curves. Abscissa: 
meg./ml. of the barbiturates. Ordinate: Finiopentat 
(1) at pH 13.2 and Foombutsi (11) at pH 13.45 
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As can be seen from Fig. 1, in the range studied this 
compound also obeyed Beer-Lambert’s law, when 
F was plotted against the drug concentration 
(meg./ml 

Extraction from Whole Blood or Plasma.— Dated 
plasma from the blood bank or whole oxalated dog 
blood was used for this purpose. Appropriate con- 


centrations of sodium pentobarbital were dissolved 
in 0.85% NaCl, so that upon the addition of 0.1 ml 
of the barbiturate to exactly 4.0 ml. of plasma or 
whole blood, a final barbiturate concentration of 
50, 40, 30, and 20 mcg./ml. was obtained (samples) 
A reference solution (blank ) was prepared by adding 
to a 4.0-ml. aliquot of plasma or whole blood 0.1 ml 
of 0.85% NaCl. Samples and blank in triplicates 
were extracted with 40 ml. of chloroform in glass- 
stoppered bottles (125 ml.) on a variable speed 
shaker (Arthur H. Thomas Co.), set always at an 
identical slow speed setting. The bottles were 
shaken for exactly thirty minutes at room tempera 
ture. The speed and timing was chosen so that 
nearly complete extraction was obtained without 
the formation of emulsions. Most of the chloro- 
form layer was siphoned off with a glass serum lifter 
and filtered through Whatman No. | filter paper. 
The initial 2 ml. of the filtrate was discarded, the 
rest collected, and exactly 20.0 ml. of the filtrate re 
extracted with 4.0 ml. of the 0.45 N NaOH (pento- 
barbital) or 0.2 N NaOH (thiopental) in glass 
stoppered, 25-ml. cylinders by vigorous shaking 
by hand for one minute. After separation of the 
two layers, the barbiturate was determined in the 
clear upper layer as described for the standard 


TABLE I.—REcOVERY OF PENTOBARBITAL FROM 


BLoop 
Added Recovered Recovery, 
meg./ml meg./mil 
5O 49.4 98 
40 39.1 97.75 
30 20.4 OO 
20 20.4 102.00 
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curves and read against 0.45 N or 0.2 N NaOH, 
respectively. The absorption of the blanks was 
determined to insure that the essential condition 
for the application of the Allen factor (1) (linearity ) 
was met. In Table I, a recovery experiment of 
triplicate extractions for whole blood is summarized. 

Comparison of the Sensitivity of This Method 
with Known Methods.—-Sodium pentobarbital 
standard curves were prepared in triplicate, accord- 
ing to our method, Broughton's (2) method, and 
Goldbaum's (3) method. The results obtained are 
summarized in Table II 

The readings given are the arithmetic means of 
the triplicate determinations. The overall means 
and standard deviations of the means for | mcg./ml 
of sodium pentobarbital were calculated using all 
results obtained, and are shown in the last two lines 


of Table II. 
DISCUSSION 


It is obvious from our results that Allen’s (1) 
factor (F) can be applied to the quantitative ultra- 
violet determination of barbiturates. An inspection 
of Table II clearly indicates that with the aid of F, 
a far more reliable and sensitive method for quanti- 
tative barbiturate analysis is made possible. The 
error involved for the determination of 1 mcg./ml 
of pentobarbital, when trying to differentiate small 
concentration differences, is: 10.5% by Gold 
baum’s method (3), 28.7% by Broughton’s (2) 
method, 12.7% by direct alkaline U. V., and 5.4% 
by our method. Also, our recovery data show an 
average of 99.14% by our method, and 95% by 
Goldbaum’s (3) method, as determined by us under 
carefully standardized conditions of extraction pro- 
cedure. We therefore believe that our method, 
using a rigidly standardized extraction procedure 
and employing Allen’s (1) factor for the readings, 
yields a considerably more sensitive and reliable 
barbiturate assay In our case we read the same 
final solution at three different wavelengths at the 
same pH. By the other methods, further dilutions 
and treatment of the barbiturate soluticns to 


TABLE II.—CoMPARISON OF PENTOBARBITAL STANDARD CURVES BY 


DIFFERENT U 


V.-SPECTROPHOTOMETRIC METHODS 


Pento i at 
barbital Our Absorp Goldbaum's Broughton's 
Na, Method tion Method (3), Method (2), 
meg./ ml Maximum? Aaim.> 
20 0.113 0.537 0.386 
20.4 0.435 ‘ 
21 0.120 0.581 0.409 
21.6 0.461 
22 0.127 0.607 0.425 
22 .8 0.479 
3 0.133 0.631 0.427 
24 0.139 0.658 0.501 0.452 
25 0.147 0.697 0.461 
Mean increase for FX 10° Aus ma X 10° Aan. X 10° Aain. X 10° 
1 meg./ml. con 6.80 32.00 18.33 = 15.00 
centration in- 
crement 
+S. E. of mean 


10’ = +0.37 +3 .98 +1.92 +4.31 


a A = Absorbance at 255 my at pH 13.5 (in 0.45 N NaOH) 


(A at 260 my at pH 10.5). 


+ Aam. (Absorbance difference) A at 260 mug at pH 13.5) 
© Aa (Absorbance at 260 my at pH 13.5) — (Absorbance at 260 my at pH 10.0) 


4 
a 
| 
{ a 
| 
4 
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obtain a lower pH are necessary, which might 
account for the increase in error 

No doubt, all barbiturates which can be deter- 
mined by other methods can also be quantitated 
employing Allen’s (1) factor in our modification of 
Goldbaum's (3) method. This more sensitive 
method may not be necessary for clinical barbi- 
turate determinations, where such 
tration differences could be overlooked, but in the 
pharmaceutical assay of some preparations contain 


small concen 


ing barbiturates and in the pharmacological study 
of barbiturate metabolism this modification might 
prove to be useful 


APPENDIX 


The arithmetic derivations below support the 
conclusions indicated by the equations which define 
Allen's factor (1 This factor can be used to cor 
rect for any quantitative absorption of mixtures 
where one component shows a linear absorption in 
the region where the other component has a peak, 
i. e., barbiturate determination in blood, the resolu 
tion of mixtures of barbiturates, etc. The 
mathematical treatment is a quantitative statement 
of the intuitively obvious. (4)” absorbance of 
blood extract; (A)* absorbance of pure pento 
barbital-Na; (A)* + absorbance 
of pentobarbital-Na extracted from blood F 
factor,’ with BN, 

same meaning as the super- 


some 


correction subscripts B, N, 
having the 
scripts 
With a linear background absorption (Line 1) and 
equidistance of a and ¢ from 6, we show two identical, 
rectangular triangles with the angle a, therefore 


(Eq. 1) 


above 


b a 


h) (Eq. 2a) 


(Eq. 2b) 


Fy (A , 


and by substitution 


(a +(e +f) 


Fy (2b +e+ 2) (Eq. 5) 


2) the designation of the ordinates 
A-values) are as follows: (A) a; (A) Buy ) Bags 
b: (A) a+d A) Now + (A) 26 + 
lines 4 and 5 cut off a distance from this ordinate 
which is equal to 6) 
Since the absorbances of pure nembutal and the blood 
extract impurity are additive, it follows that (A) BNag 
2a + d; (A)BNw 2e + f; (A) = 3b +e + 28 


1 On the diagram (Fig 


ev 
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Absorbance 


245 
Wave Length 
my 
Fig. 2.——-Diagram for derivation of Allen’s cor- 

rection factor. Line 1, background absorption of 
blood extract in 0.45 N NaOH; curve 2, absorption 
of pure pentobarbital-Na (25 meg./ml.) in 0.45 N 
NaOH; and curve 3, absorption of pentobarbital- 
Na (25 meg./ml.) extracted from blood in 0.45 N 
NaOH. 


In accordance with the derivation of Eq. 2b 


b) (Eq. 6) 


therefore 


(A 
= 

and by substitution 
(3b +e 4 


(Eq. 9) 
*rivation of Eq. 2b 


(25 + e) 10) 


(Eq 


therefore 


Fay = (3b + g) (Eq. lla) 


Fey = (Eq. 11b) 


From Eq. 7b and 11b 


Fy 


= Fen (Eq. 12) 
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Effects of Psychopharmacologic Agents on 
Experimentally-Induced Seizures in Mice* 


By GREGORY B. FINK? and EWART A. SWINYARD 


Of seven psychopharmacologic drugs screened by five assay procedures, only 

meprobamate and phenaglycodol exhibited significant anticonvulsant activity. 

Chlorpromazine, promazine, reserpine, and hydroxyzine lowered the threshold for 

minimal seizures variously induced, whereas triflupromazine had no effect on seizure 

threshold. The data obtained correlate well with available clinical data and indicate 

the value of threshold seizure studies in animals for detecting agents which may 
cause convulsions in man. 


De THE CONSIDERABLE attention given 


to both the anticonvulsant and the convul 
sant properties of psychopharmacologic agents, 
there is a lack of agreement as to the ability of 
these agents to alter the seizure threshold in 
laboratory animals and man. In _ laboratory 
animals, chlorpromazine has been reported both 
to lower seizure threshold (1, 2) and to exhibit 
anticonvulsant properties (3). In man, reserpine 
has been reported both to increase (4) and to de 
crease (5, 6) the incidence of convulsive seizures 
in mentally ill epileptics. Furthermore, pub 
lished experimental data have been difficult to 
compare, because of differences in the techniques 
employed in various laboratories, and because 
the drugs under scrutiny were usually tested by 
only one or two assay procedures. Therefore, 
it was thought important to make a critical study 
of the effects of selected psychopharmacologic 
agents on experimentally-induced seizures by a 
battery of well-standardized methods For 
comparative purposes, diphenylhydantoin and 
phenobarbital were also included as classical 
prototype anticonvulsants. 


METHODS 


Male albino mice (Carworth Farms, CF No. 1 
strain) weighing 22 to 36 Gm. were used as experi 
mental animals They were maintained on Rock 
land mouse diet and allowed free access to food and 
water except for the short time they were removed 
from their cages for testing rhe following agents 
were studied: chlorpromazine hydrochloride (Thor 
azine), promazime hydrochloride (Sparine), tri 
flupromazine hydrochloride (Vesprin), reserpine, 
hydroxyzine hydrochloride (Atarax), meprobamate 
(Equanil, Miltown), phenaglycodol (Ultran), pheno 
barbital sodium, and diphenylhydantoin sodium 
All drugs were given orally in aqueous solution, 

* Received August 21, 1959, from the Departments of 
Pharmacology, University of Utah, College of Pharmacy 

ollege of Medicine, Salt Lake City 
$s investigation wa upported by a research grant from 
t National Institute of Neurological Diseases and Blind 
B38! National Institutes of Health, U. S. Public 
Health Service 


Presented to the Scientific Section, A. Pu. A., Cincinnati 
meeting, August 1059 


t Predoctoral trainee under National Institutes of Health 
Pharmacology Training Grant (2G-153) 


except that meprobamate and phenaglycodol were 
given as suspensions in 6°, acacia solution 
Anticonvulsant Assay Methods.—-Anticonvulsant 
potencies (EDys) were determined by a battery of 
four electrical tests and one chemical test. The tests 
based on electrically-induced convulsions measured 
the ability of a drug to prevent the hindleg tonic 
extensor component of maximal electroshock seizures 
evoked by supramaximal current (MES test; 50 
ma. alternating current, ().2-second stimulus dura 
tion), to elevate the threshold for minimal electro 
shock seizures (alternating current, 0.2-second 
stimulus duration) in normal mice (a. c. EST test) 
and in hyponatremic (low-threshold) mice (HET 
test), and to elevate the threshold for low-frequency 
electroshock seizures (1. f. EST) induced in mice by 
unidirectional current delivered at an intensity 
twice threshold (0.2-millisecond duration, 3-second 
stimulus duration, six pulses per second rhe test 
based on chemically-induced convulsions measured 
the ability of a drug to afford complete protection 
against seizures evoked by the subcutaneous 
injection of pentylenetetrazol (Metrazol; 85 mg 
Kg.; s. c. Met. test). Except that a Grass stimu 
lator (model S4B) was used for the |. f. EST test, 
the details of the various procedures, the end points 
employed in mice, and the characteristics of the 
electroshock apparatus have been described else 
where (7-0 In addition, the mean neurotoxik 
dose (TDy) and the mean lethal dose (LDyy) were 
determined for each drug. The end point for 
minimal neurotoxicity was muscular incoordination, 
based on inability of the animal to remain for one 
minute on a horizontal rod rotating at 5 revolutions 
per minute. Each drug was tested at the time of its 
peak activity as measured by the neurotoxicity test 
For the determination of the EDy, TDy, or LDy 
groups of six or more mice were given various doses 
of drug until at least three points were established 
in the range between 0 and 100°, seizure protection, 
minimal neurotoxicity, or mortality The results 
obtained were then plotted on logarithmic prob 
ability paper and a regression line was fitted to the 
plotted points by eye. From this plot of the data 
the respective EDyo, TDyo, or LDyw was determined 
and the protective indexes (PI TDso/E 
were computed, 95°) fiducial limits were calculated 
by the method of Litchfield and Wilcoxon (10 
Convulsant Assay Methods. Drugs which lacked 
anticonvulsant activity were examined for convul 
sant properties by the three electroshock threshold 
procedures (1. f. EST, a. c. EST, and HET) 
mentioned above, except that the experimental design 
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|.-Toxiciry AND ANTICONVULSANT Activity OF PsyCHOPHARMACOLOGIC DRUGS 


Time 
of 
test, L. Dee Deo EDw, mg./Kg 
Drug min mg./Kg mg/Kg MES a.c. EST HET 1. f. EST s. c. Met. 
Diphenylhydan 180 490 St 14.4 >200 37 25 >200 
toin 295-808)" (74.3-94.8) (12.0-17.3) (24.6-55.3) (16.7-37.5) 
Phenobarbital 180 200 70 30 33 26 20 18.5 
167-240) (58.3-84.0) (23.6-38.1) (21.3-51.1) (17.3-39.0) (13.3-30.0) (12.7-26.8) 
Meprobamate 10 1,350 228 187 190 190 123 8Y 
1, 205-1, 512) 196-262) 147-237) (152-238) (138-260) (89.8-168) (73.1-119) 
Phenaglycodol 60 760 170 135 100 80 73 59 
678-852) (119-241) 120-151) (62.9-159) 57.6-111) (59.3-89.7) (48.0-72.5) 
Chlorpromazine 580 15.7 261 > 200 > 200 >80 >300 
460-730) 10.6-23.2) (209-326) 
Promazine 60 185 23.5 175 > 200 > 150 > 100 >150 
(323-727) 15.0-36.9) 152-201) 
Triflupromazine 90 330 7.8 > 300 > 200 > 150 > 50 > 200 
+ 206-512) 5.3-11.5) 
Reserpine 240 390 16.5 > 300 > 200 > 200 >33 > 200 
(265-573) (11.6-23.4) 
Hydroxyzine 30 515 490 > 350 > 350 > 350 >350 
164-571) 134-553) 
ha * Values in parentheses are 95°) fiducial limits 
<j was modified to measure seizure threshold quantita is no significant difference in the TDys of the 
tively In addition, pentylenetrazol seizure thresh drugs within each group 
old (i. v. Met.) was measured by the technique With regard to anticonvulsant activity, only 
of Orloff, et al. (11), as modified by McQuarrie and phenobarbital and the two substituted diols were 
Fingl (12) For each electroshock procedure, effective by all five tests. All three drugs were the 
60 or more mice were randomly divided into two most potent by the s. c. Met. test; the EDys 
equal groups; for the chemoshock procedure, 20 for phenobarbital, meprobamate, and phenaglycodol 
or more mice similarly were randomly divided by this test were 18.5, 89, and 59 mg./Kg., respec- 
* into two equal groups. One group of mice was tively Diphenylhydantoin exhibited the lowest 
. given the drug to be tested and the other (control) E Dy (14.4 mg./Kg.) in the MES test, was effective 
group was given the requisite volume of vehicle in nontoxic doses by the HET and 1. f. EST tests, 
At the previously determined time of peak drug but was inactive by the a. c. EST and s. c. Met 
ey _ effect, seizure threshold was determined in both tests. The remaining five drugs, chlorpromazine, 
ot groups by technique previously described (12, promazine, triflupromazine, reserpine, and hydrox- 
5 13, 14 Results are presented as threshold ratios yzine, were ineffective anticonvulsants by all five 
a (threshold of drug-treated group/threshold of tests, except that highly toxic doses of chlor- 
7 control group). Threshold ratios were determined promazine and promazine (261 and 175 mg./Kg., 
- at dose levels equivalent to fractions and multiples respectively) abolished the tonic-extensor compo- 
of the T Dys of the several drugs nent of the MES pattern. Reserpine, in fact, in- 
k creased the severity of experimentally-induced 
x CR seizures, and many reserpine-treated mice died 
RESULTS following the convulsions 
The drugs which were ineffective by the five 
rhe time of peak effect, neurotoxicity, and anti anticonvulsant tests were studied for ability to 
convulsant activity of the agents tested are sum lower the threshold for electrically and chemically- 
marized in Table I. The time of peak effect of the induced seizures. Threshold ratios (threshold of 
oe several agents varied from thirty minutes for drug group/threshold of control group), as shown 
meprobamate and hydroxyzine to as long as two in Table II, were determined at fractions and 
hundred and forty minutes for reserpine. Pheno multiples of the TDs for the phenothiazines and 


barbital had the lowest LDy (forty-eight-hour reserpine, and at fractions and multiples of the 

observation period) and the two substituted diols LD, (350 mg./Kg.) for hydroxyzine Chlorpro- 
= the highest. The LDyws of the other six drugs mazine significantly lowered 1. f. EST and a. c. 

ranked intermediate to those for phenobarbitaland EST at '/. the TDy (7.8 mg./Kg.) and the TDsgo 

the substituted diols and in most instances were (15.7 mg./Kg.), but it did not alter the |. f. EST 
aid not significantly different from each other. The at twice the TDy (31.4 mg./Kg.) Promazine 
TDws for the nine drugs varied from 7.8 mg./Kg significantly lowered both |. f. EST and a. c. EST 
for triflupromazine, the most neurotoxic, to 490 at all dose levels employed, except for the a. c 
mg./Kg. for hydroxyzine, the least neurotoxic EST at '/. the TDy (11.7 mg./Kg.) the decrease 
The remaining seven compounds can be divided into was not significant; even at 4 times the TDy 
the following groups ranked in order of increasing (94 mg./Kg.) the decrease in 1. f. EST was signifi- 
TDwyws: (a) chlorpromazine, promazine, and reser- cant. The other phenothiazine, triflupromazine, 
pine, (6) diphenylhydantoin and phenobarbital, had no significant effect on electroshock seizure 
and (c) meprobamate and phenaglycodol. There thresholds. Reserpine also lowered electroshock 
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rasie Il EFrects oF SOME PSYCHOPHARMACOLOGIC DRUGS ON THE THRESHOLD FOR ELECTRICALLY- 
AND CHEMICALLY-INDUCED SEIZURES IN MICE 


rhreshold Ratios« 
Drug > EST HE 
Chlorpromazine 86 
84° 0.90 
Promazine 91 
, rriflupromazine 3.§ 00 
OO 
Reserpine ¢ 86° 
96 93 
35 98 98 
y * Threshold of drug-treated group/threshold of control group + Significant decrease (P 


BLE INDEXES oF SomE ANTIEPILEPTIC AND PSYCHOPHARMACOLOGIC DruUGS BY FIvE 
ASSAY METHODS IN MICE 


Protective Indexes® 


Drug EST 


Diphenylhydantoin 5.8 3 
3 


Phenobarbital 


Meprobamate 


~> 


Phenaglycodol 
(0.9 (0.9. 


«Pl Tl Dee E De > Values in parentheses are 95°; fiducial limits © Inactive by this test. 


7 seizure thresholds at all dose levels, except that ata toxic and hydroxyzine the least toxic, when minimal 
-* dose of '/, the TD 4.1 mg./Kg.) the decrease in overt evidence of muscular incoordination is taken as 
$f . |. f. EST was not significant. In doses up to the’ theend point. Ratios obtained by dividing the LDyw 

; LD, (350 mg./Kg.), hydroxyzine had no significant by the TD y of each drug indicate that the pheno 
effect on the electroshock seizure thresholds. None thiazines and reserpine have the highest ratios; 


of the drugs had any significant effect on the HET 
at the dose levels employed. Promazine was the 
only phenothiazine to have a significant effect on 
the chemoshock seizure threshold This drug 
significantly lowered i. v. Metrazol threshold at 
11.7 and 23.5 mg./Kg., whereas chlorpromazine 
and triflupromazine had no effect, even in doses 
twice the T Dy (31.4 and 15.6 mg./Kg., respectively 
Reserpine significantly reduced the chemoshock 
seizure threshold at the TDy (16.5 mg./Kg 
but not at the TDy. Many reserpine-treated 
mice exhibited a maximal seizure immediately 
following the clonic seizure and expired, this rarely 
occurred in mice given other drugs. Hydroxyzine 
also lowered the i. v. Metrazol threshold in non 
toxic doses of 87.5 and 175 mg./Kg 


DISCUSSION 


The data presented show a wide latitude in the 
LDws and TDys of the nine drugs studied. The 
LDwys indicate that phenobarbital is the most toxic 
and meprobamate the least toxic, when death is 
taken as the end point. On the other hand, the 
TDys indicate that triflupromazine is the most 


diphenylhydantoin, phenobarbital, and substituted 
diols have intermediate ratios; and hydroxyzine 
has the lowest ratio of the nine drugs studied 
For example, the ratio for triflupromazine is 42.3; 
in marked contrast, hydroxyzine has a ratio of only 
1.05. These observations emphasize that both the 
LDy and the TDy should be considered when 
estimating the toxicity of a new drug 

Only four drugs, diphenylhydantoin, pheno 
barbital, meprobamate, and phenaglycodol, ex 
hibited anticonvulsant activity Their relative 
anticonvulsant effectiveness, expressed as protective 
indexes (PI TDy/EDs), are shown in Table III 
Diphenylhydantoin has the highest protective 
index by the MES pattern test, but it is ineffective 
by two of the four threshold tests. Phenobarbital, 
meprobamate, and phenaglycodol are effective in 
nontoxic doses by all five tests; hence, they exhibit 
PIs greater than 1.0. Thus, in mice, the two sub 
stituted diols have margins of safety and profiles of 
anticonvulsant activity quite similar to those of 
phenobarbital. These experimental results are in 
agreement with clinical reports which indicate that 
meprobamate (15-17) and phenaglycodol: (18) 
are of some clinical value in certain types of epilepsy. 


| 
- 
i. v. Met 
1.04 
0.90 
0.96 
0. 80° 
0. 86° 
0.90 
1.02 
1.05 | 
0.91 
0.76° 4 
0.79 
0. 86° Aig 
ho) © LDs 
ET Lf. EST s. c. Met. 
3.4 ‘ 
5) (2.2-5.1) 
2.3 7 3.5 3.8 
(1.7-3.2) (1.3-3.4) (2.3-5.4) (2.5-5.7) 
fF 1.2 1.2 2 1.9 2.6 
0.9-1.6 (0.91.7) (0.9-1.7) (1.3-2.6) (1.8-3.6) 
2.1 2.3 2.9 is 
| 
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The anticonvulsant data reported herein corrob 
orate previous reports on the unique profile of 
action of diphenylhydantoin (7, 8, 19). The data 
also agree with our previous experiments which 
show that the two substituted diols resemble 
phenobarbital in that they modify both maximal 
audiogenic and maximal electroshock seizure 
patterns (20) and elevate the threshold for 1. f 
EST and i. v. Met (13, 14, 21 Other workers 
have also commented on the barbiturate-like ac tion 
of meprobamate (22). Several reports from our 
laboratories have emphasized that diphenylhydan 
toin is more effective in preventing seizure spread 
than in elevating seizure threshold, whereas pheno 
barbital both prevents seizure spread and elevates 
seizure threshold (19, 23). Since the substituted 
diols exhibit a profile of activity which resembles 
that of phenobarbital rather than diphenylhydan 
toin, their anticonvulsant activity would seem to be 
due to both mechanisms of action 

The results obtained by the convulsant assay 
methods agree with reported clinical observations 
that certain of the agents studied can induce seizures, 
and suggest that these tests may be of value for 
revealing seizure-evoking properties of new psycho- 
phamacologic drugs. Chlorpromazine, promazine, 
and reserpine significantly lower both 1. f. EST 
and a. c. EST, whereas promazine, reserpine, and 
hydroxyzine lower i. v. Met. threshold: all of 
these agents have been reported to cause convulsions 
in man, to increase the frequency of seizures in 
epileptic patients, or to increase fatalities in patients 
undergoing electroconvulsive therapy (24-34 On 
the other hand, triflupromazine had no significant 
effect on either electroshock or chemoshock seizure 
thresholds; in so far as we are aware, this particular 
agent has not been reported to cause seizures in 
man 


SUMMARY 


Seven psychopharmacologic and two anti- 
epileptic agents were screened by a battery of five 
anticonvulsant assay procedures, and the drugs 
found ineffective were subjected to seizure 
threshold studies to determine whether they had 
potential convulsant properties. The mean 
neurotoxic dose and the mean lethal dose of each 
drug were determined. Meprobamate and phen 
aglycodol were effective in nontoxic doses by all 
five anticonvulsant tests and exhibited a profile of 
activity which resembled that of phenobarbital. 
Chlorpromazine lowered the threshold for alter 
nating current and low-frequency electroshock 
seizure threshold (a. c. and 1. f. EST): 


lowered not only the a. c. and 1. f. EST but also 


promazine 


the intravenous pentylenetrazol threshold (i. v 
Met.); 
experimental seizure thresholds. 


triflupromazine had no effect on these 
Reserpine de- 
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creased all three types of seizure thresholds and 
facilitated convulsive activity. Hydr« xyzine had 
no effect on electroshock seizure thresholds but 
lowered the i. v. Met. threshold. 


cluded that the several tests employed have only 


It was con- 


limited value for screening potential psychophar 
macologic agents, but that they are definitely 
useful for disclosing their neuropharmacological 
properties and for detecting any propensity to 
induce seizures in man. 
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The Facilitative Action of Reserpine on Metrazol 


Convulsions When Modified by Iproniazid* 


By L. R. WEISS}, J. W. NELSON, and A. TYE 


The effects of reserpine, iproniazid, and their combination on the convulsive thresh- 
old, facilitative action, and seizure pattern of metrazol-treated mice was investigated. 


The effect of reserpine on metrazol convulsions is a marked decrease in convulsive 
dose which is accompanied by a reduced seizure latency time in the convulsive pattern 
with an increasing facilitative action. Iproniazid was found to increase the con- 
vulsive dose and lengthen the latency interval. Prior treatment with iproniazid 
before reserpine reversed the depressive state produced by the latter agent to that 
of stimulation. This was accompanied by an increased anticonvulsant effect, longer 
latency interval, and absence of a facilitative action. Treatment with iproniazid 


after reserpine failed to elicit these effects. 


These results are compatible with the 


hypothesis that iproniazid and reserpine produce their effect through a biochemical 
change, the former by monoamine oxidase inhibition and the latter by release of 
norepinephrine and other amines from their storage sites in the central nervous 


é | ‘WE EFFECTS of reserpine on metrazol shock in 


mice were reported by Chen and Bohner (1) 
They found that pretreatment with reserpine 
modified the convulsive pattern by shortening the 
interval between the first sign of clonic move 
ments and the final tonic extension of the hind 
limbs in mice. This interval is termed the 
seizure latency time in the convulsive pattern 
Another observation was the decrease in the con 
vulsive threshold which is manifested by a re 
duction in the dose of metrazol required to pro 
duce a comparable response. This reduced 
shock threshold and decreased seizure latency 
period appears to be a characteristic of reserpine 
The central depression seen after reserpine ad 
ministration, therefore, possesses a convulsive 
component—a contradiction to the classical anti 
convulsant action of many central depressants 
Moreover, with a general depression of motor 
activity accompanied by sedation, a marked 
potentiating effect on the hypnotic action of 
barbiturates and other central depressants 1s 
commonly seen (2). The nature of this dual 
mechanism involving both hypnotic potentiation 
and convulsive phenomena ts still not clear The 
current belief is that various indole and cate 
cholamines which are found in the biochemical 
and metabolic pathways within the central 
nervous system are influenced by the action of 
reserpine (3,4). The varied actions of reserpine 
are believed to be associated with its ability to 
decrease the content of primary amines (norep 
inephrine, dopamine, and 5-hydroxytryptamine) 
in the central nervous system. 


* Received August 21, 1959, from the College of Pharmacy, 
The Ohio State University, Columbus 

+ Fellow of the American Foundation for Pharmaceutical 
Education, 1959-1960 

Presented to the Scientific Section, A. Pu. A., Cincinnati 
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The use of iproniazid, a monoamine oxidase 
inhibitor, as a tool for investigations in the area 
of brain chemistry has helped to clarify the mode 
by which reserpine may affect the function of the 
central nervous system, It is believed that it 
will elevate the content of primary amines in the 
brain (5). Combinations of iproniazid and reser 
pine can produce central stimulation which is 
characterized by an increase in sympathetic tone, 
tremors, and marked excitation very similar to 
an amphetamine-like action. This phenomenon 
is dependent upon the order in which iproniazid 
and reserpine are administrated and usually 
appears only when iproniazid is given before 
reserpine. Indeed, prior treatment with tpro 
niazid prevents the stupor and depressed state 
produced by reserpine in mice and other animals 
(6). Iproniazid has been described as a psychic 
stimulant but, like reserpine, it will increase the 
sleeping time of barbiturates (7-9 It has been 
reported to have anticonvulsant properties and 
will increase the convulsive threshold of metrazol 
shock (10) 

These effects indicate a complex interplay 
between central activity and the actions which 
characterize iproniazid and reserpine administra 
tion. The duration of action of each drug ts long 
lasting, seemingly irreversible, and apparently 
noncompetitive with respect to the different 
possible mechanisms of action (11, 12). The 
activity of these drugs persists considerably be 
yond the time they can be detected in the tissues 
of the brain, blood, and other organs, indicating 
that they produce some unusual change (13) 

The value of metrazol shock for the routine 
screening of anticonvulsant agents has been 


firmly established (14-17). As usually employed 
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this method is based on measuring the ability of 
a drug to raise or lower the chemoshock threshold 
rather than an alteration in the seizure pattern 
Recently, Toman, et al. (18), evaluated the 
seizure latency imterval in the convulsive shock 
pattern as a screening method for investigating 
antipsychotic drugs. A modification of this 
procedure using metrazol shock has been adapted 
to this problem 

The convulsive pattern of metrazol seen after 
a challenging dose given intraperitoneally can be 
divided into three stages as described by Orloff, 
et al. (14). First, a sharp twitching of the 
animal body which is followed by a series of 
clonic movements and then a stage of depression 
or a resting phase (seizure latency interval) 
Finally, a persistent convulsion occurs which 
consists of a tonic flexor component followed 
immediately by a usually lethal tonic extension 
of the hindlimbs. The three stages follow each 
other as the concentration of metrazol is gradually 
increased in the blood stream, The ability of a 
compound to prevent or facilitate the convulsion 
can be measured in terms of the final maximal 
extension as the end point and the latency time as 
the interval between clonic and tonic signs. 
Reserpine does not influence the sequence of 
events in this convulsive pattern. It will modify 
the resting stage, which is considered to be the 
time taken for selective high frequency stimula 
tion of the motor cortex causing localized repeti 
tive discharges to spread out to a generalized max 
imal tonic seizure. It could also be considered a 
period of inhibition of midbrain centers or other 
areas holding the medullary extensor facilitating 
center in abeyance (18). Central depressants 
and adrenergic stimulating drugs will generally 
suppress the tonic extensor phase; barbiturates 
and amphetamine-like agents, and anticonvul 
sants raise the threshold for this convulsive dis- 
charge. On the other hand, reserpine is found 
capable of facilitating the tonic component, re 
ducing the convulsive threshold, and shortening 
the seizure latency time 

In view of the evidence that a relationship 
exists between the action of iproniazid and reser 
pine on the various biochemical changes produced 
by these drugs in the central nervous system 
especially when coupled with the many pharma 
cologic effects associated with their single and 
combined use, an investigation concerned with 
the effects of reserpine and iproniazid on the 
convulsive threshold, changes in facilitation, and 
in the seizure pattern of metrazol shock is re- 


ported and discussed. 


SCIENTIFIC EDITION 


EXPERIMENTAL 


The experimental determinations were divided 
into three series depending on the drugs used (ipro 
niazid, reserpine, and iproniazid-reserpine combina- 
tions), and was subdivided by various pretreatment 
schedules. Each series consisted of young adult fe- 
male Swiss mice obtained from Maxfield farms 
weighing 20 + 2Gm. All animals were kept under 
uniform laboratory conditions and given free access 
to Purina chow and water The animals were 
starved and housed in isolation cages for eight hours 
prior to metrazol shock. An experimental series 
consisted of 48 animals divided into four groups of 12 
mice, all pretreated in a similar manner with ipro 
niazid, reserpine, or a combination of both drugs 
In each series for each pretreatment schedule the 
relative increase or decrease in the shock threshold 
was compared to a control-convulsive dose of metra- 
zol obtained graphically by probit method using four 
dosage levels representing 12 animals per dose (19) 
This convulsive dose of metrazol is the index that 
will produce the tonic hindlimb extensor component 
of the seizure in 50%, of the treated animals (CDso) 
A 95°, confidence limit is given with the CD of 
metrazol for each determination. For each group 
f 48 animals (four doses, 12 animals per dose) the 
seizure latency time was concurrently measured in 
those animals reaching the tonic extensor end point 
of the seizure pattern and was measured as the time, 
in seconds, between the clonic and maximal tonic 
phases. The mean time of those animals reaching 
the tonic extensor stage was calculated and a 95% 
confidence limit was statistically established using 
the standard error of this mean. The time interval 
between the administration of metrazol and the on- 
set of the clonic stage was found to be appreciably 
uniform with the control. Facilitation was seen only 
in the series of animals pretreated with reserpine and 
was evaluated as the per cent of animals in which the 


resting phase was absent and the convulsion seizure 
passed directly from a clonic to a tonic phase in each 
determination. 

The dose of iproniazid phosphate was 150 mg./Kg. 
given i. p. at various pretreatment intervals. This 
dose is nontoxic, produced few positive observable ef 
fects in mice after five days of daily administration, 
and was established as that dose which will inhibit 
monoamine oxidase and cause reserpine reversal 

The dose of reserpine was 8 mg./Kg. given i. p. at 
various pretreatment intervals with iproniazid 
When given alone the dose was varied as indicated 
below 

The pretreatment schedule used with each drug or 
combination of drugs was based on reports by other 
investigators and partially on preliminary findings in 
our laboratory. Iproniazid (150 mg./Kg.) was in 
jected at four, eight, twelve, and twenty-four 
hours, and daily for two, three, four, and five days 
prior to metrazol shock. In the latter grouping, 
shock was given twenty-four hours after the last 
treatment. Reserpine (8 mg./Kg.) was injected 
four and eight hours before shock; 4.0, 2.0, 1.0, 0.1 
mg./Kg. was injected four hours before shock; and 
0.1 mg./Kg. was given daily for ten days, the last 
dose being twenty-four hours before metrazol 
shock. Combinations of iproniazid (150 mg./Kg. ) 
and reserpine (8 mg./Kg.) were injected at various in- 
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tervals before metrazol shock. These pretreatment 
combinations were iproniazid and reserpine toge ther 
four hours before; reserpime (eight hours) and 
iproniazid (four hours) before; iproniazid (eight 
hours) and reserpine (four hours) before ; iproniazid 
(twenty-four hours) and reserpine (four hours be 
fore; iproniazid (daily for two days) and reserpine 
(four hours) before; iproniazid (daily for three days) 
and reserpine (four hours) before; iproniazid (daily 
for four days) and reserpine (four hours before ; 
iproniazid (daily for five days) and reserpine (four 
hours) before metrazol shock 


RESULTS AND DISCUSSION 


his investigation is primarily concerned with the 
effects of iproniazid and reserpine on the convulsive 
threshold, facilitative action, and seizure latency 
time It also compares the relative changes in the 
convulsive dose (CDs) and the seizure pattern under 
similar pretreatment intervals and doses for ipronia- 
zid and reserpine The results of this study are 
grouped according to the pretreatment schedule of 
drugs. Figure 1 indicates the responses seen with 
iproniazid pretreatment Each set of adjacent bars 
represents two different parameters, the CDw 
(meg./Kg.) and the seizure latency time (seconds ) 
Figure 2 shows the effects seen with reserpine The 
facilitative action of this drug is shown as the per 
cent of animals reaching the final tonic end point 
without showing the characteristic latency period 
between clonic and tonic phases of the convulsive 
seizure Figure 3 represents the combined pre 
treatment with iproniazid and reserpine In this 
figure three situations occ urred where the facilitative 
action of reserpine was observed. The importance 
of this effect will be discussed below. The net result 
shown in Fig. 3 is that the optimal response tn Fig. 2, 
e. g., reserpine (8.0 mg./Kg.) four hours, has been 
superimposed upon the effects of iproniazid seen in 
Fig. 1, making the various interactions ol these drugs 
stand out as a function of the pretreatment interval 
which was used with each drug before metrazol shock. 

In Fig. 1, pretreatment with iproniazid in single 
doses showed a moderate increase in the CDy as the 
pretreatment interval was lengthened from four to 
twenty-four hours This could be due to the effect 
of inhibiting the enzyme, monoamine oxidase, and 
the accompanying rise in the level of norepine phrine 
and other amines. Daily doses of iproniazid for 
two, three, four, and five days did not ippreciably 
change the elevated convulsive threshold and the 
inticonvulsive effect This would indicate the maxi 
mal action of this drug on metrazol shock was reached 
The seizure latency time was similar or rats “d above 
the control index in all of the pretreatment periods 
The gross effect was a general lengthening of the rest 
ing stage of the convulsive pattern with iproniazid 
pretreatment. In summary, the results of this se 
ries suggest that the convulsive dose ind seizure 
latency time, while apparently unrelated, seem to pro 
vide a more accurate picture of the total anticon 
vulsant effect of iproniazid 

In Fig. 2 the effects of various doses of reserpime 
0.1 to 8.0 mg./Kg.) using pretreatment intervals ot 
four and eight hours and a ten-day period of daily 
doses (0.1 mg./Kg.) are shown together with the influ 
ence of this drug on the convulsive dose, facilitatory 
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Fig. 1.—The effect of iproniazid on the cony ulsive 
dose and seizure latency time of metrazol. Pretreat 
ment with iproniazid (150 mg./Kg CD 
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Fig. 3.—The effect of iproniazid and reserpine on 
the convulsive dose, seizure latency time, and fat ili 
tative action of metrazol Pretreatment with 
iproniazid (150 mg./Kg und reserpine (8 mg./Kg 
CD , latency 
action, and the seizure latency time In sharp con 


trast to that of iproniazid, the relative change in the 
convulsive threshold and latency interval seems to 
depend on the change in the dose of reserpine High 
doses (2.0 to 8.0 mg./Kg.) lowered the convulsive 
dose almost 50° and the seizure latency time 
dropped 90°% below the control level rhe results 
tend to show a correlationship between the dose of re 
serpine and the magnitude of the response, as can be 
observed by the steady fall in CDy and latency time 
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as the dose of reserpine was increased from 0.1 to 8.0 
ing./Kg 
proportion of animals showing no resting period, go 
ing from initial clonic to final tonic convulsion with 
increasing doses of reserpine. Extending the pre 
treatment interval or reducing the dose decreased the 
facilitating effect, raised the CD», and lengthened 
the latency time. Prolonged administration of 0.1 
mg./Kg. of reserpine caused a moderate decrease in 
the CDy and latency time with some increased fa 
cilitative action, perhaps due to the cumulative and 
prolonged effects of this drug. Summarizing the ac 
tion of reserpine on metrazol shock; facilitation, la 
tency time, and the convulsive threshold appear to 
be a function of the dose of reserpine, the former effect 
changing directly and the latter two changing in 
versely with the dose of reserpine With this drug, 
the latency interval and the threshold of stimulation 
appear to complement each other as the amount o1 
facilitation is increased. These findings with reser 
pine are in agreement with those of other investiga 
tors (20, 21) 

In Fig. 3, the combined effect of iproniazid and re 
serpine is pictured as a predominating action of the 
drug which was administered first and the pretreat 
ment interval between these drugs Essentially, 
prior treatment with reserpine at four and eight 
hours gives much the same results noted in Fig. 2 for 
the same dosage and The anticonvulsant 
properties of iproniazid did not seem to reverse the 
latency time, and 
facilitatory action to any appreciable extent 
observed that all the animals first treated with reser 
pine were characteristically depressed and remained 
in this state after iproniazid was given. In marked 
contrast to these findings are those seen with ipronia 
zid treatment before reserpine. Reference to Fig. | 
shows a striking similarity between the prior treat 
ment with iproniazid alone and when reserpine is 
given after iproniazid, as observed in Fig. 3. These 
animals were stimulated and active approximately a 
half hour after reserpine was added to their schedule 
This adrenergic-type reaction was not apparent in 
those animals treated with iproniazid alone, as in 
Fig. 1. Consequently, an anticonvulsant effect 
was noted with the iproniazid-induced reversal of re 
serpine stupor. Apparently the protection by 
iproniazid was diminished after twenty-four hours as 
indicated by the lowered latency time and increased 
facilitative However, reinforcement with 
daily doses of iproniazid restored the anticonvulsant 
effect. The seizure latency time was lengthened and 
a general increase in the convulsive threshold was ob 
served rhe finding that iproniazid has anticon 
vulsant properties agrees with reports that various 
monoamine oxidase inhibitors, including iproniazid, 
protect against maximal shock seizures (22). The 
onset and duration of this agent seems to coincide 
with the reported rapid and persistent ability to in- 
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crease brain levels of norepinephrine and 5-hydroxy- 
tryptamine (23) 

Pretreatment with reserpine will lower the level of 
these amines. This would suggest that the anticon- 
vulsant effect of iproniazid and reserpine combina- 
tions are the result of an increased level of amines 
caused by pretreatment with iproniazid before reser- 
pine which prevents the destruction of those amines 
released by reserpine. It followsthat the latent con- 
vulsive effect of reserpine is a reflection of the release, 
inactivation, and lowering of the amine level in the 
brain 

While our data do not directly support the relative 
importance of monoamine oxidase inhibition and the 
level of norepinephrine and other amines in the con- 
vulsive phenomenon, the results observed in this 
study on the convulsive dose, seizure latency time, 
and facilitating action of iproniazid and reserpine re- 
flect many of the changes produced by these drugs. 
Although this would point to these biochemical fac- 
tors as controlling the neurological mechanism, con- 
vulsive seizure and the related convulsive threshold 
it appears very unlikely that the anticonvulsant and 
convulsant properties of the many drugs used today 
all depend on the same factors 
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Metal Complexes of Tetracaine Hydrochloride and 
Related Local Anesthetics* 


By HERBERT A. PLATT? and ALFRED N. MARTIN 


The plan of this investigation was to complex 
tetracaine HCI and some related local anes- 
thetics with certain metal ions; and to deter- 
mine the most acceptable complexing metal 
ions, the stability constants of the metal 
complexes under varying conditions, and 
the biological significance of such complexes. 


hg THE POSSESSION of functional groups 


such as the secondary aromatic amine, the 
tertiary aliphatic amine, and the carboxyl group 
bound in the ester linkage, tetracaine has poten 
tial coordination centers 


n-C\Hy CH 
N >—OCH,CH.N 
Hi CH 
The expectation was that tetracaine HCl should 
complex with suitable metal ions in the following 
manner 


[his complexation is somewhat similar to that of 
metals with amino acids 

Since cations of the transition and near-trar 
sition metals have the greatest tendency for 
combining with electron donors (1), the following 
ions were selected: copper (11), nickel (ID), 
cobalt (II), manganese (11), and zine (11) 

A rapid qualitative and quantitative method of 
testing for complexation is the pH effect. Quali 
tatively, the method ts both quick and simple. A 
drop in pH results when the protonated form of 
the complexing agent forms a coordination com 
pound with metal ions. The greater the tend 
ency for the metal to combine with a given 
coordinating agent, the greater the drop in pH 
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(Quantitatively, it is probably the most accurate 
and reliable method for the determination of the 
stability constants (2, 3 


EXPERIMENTAL 


Materials.—Tetracaine HCI] (U. S. P., Sterling 
Winthrop Research Institute procaine HCl 
(U. S. P., Mallinckrodt Chemical Works); buteth 
amine HCI (N. F., Novocol Chem. Mfg. Co 
glycine (General Biochemicals Inc DL-a-alanine 
(General Biochemical Co.); 8-alanine General 
Biochemicals Inc.); and (Nutritional 
Biochemicals Co were evaluated chrom itographi 
cally and were found to be of a high degree of 
purity and could be used without prior treatment 

Analytical reagent grades of the metal chlorides 
were satisfactory and were used without further 
purification 

The local anesthetics, procaine HCl and buteth 
amine HCI, in addition to tetracaine HCI, provided a 
parallel in the relationship between the stability 
constants and the structure of the local anesthetics 

rhe amino acids were selected to serve as ref 
erence compounds for the procedures developed and 
to provide a comparison between the stability 
constants and the structure 

Procedure.—Using the primary standard, potas 
sium acid phthalate, standard sodium hydroxide 
solutions of approximately 0.2 N were prepared as 
needed in the usual quantitative manner 

The following is a general outline of the procedure 
used: a ligand hydrochloride or amino acid stock 
solution was freshly prepared containing approx 
imately 5.0 X 10°* moles/ml Five milliliters, 
by pipet, of this stock solution (2.5 K 10~* moles 
was mixed with sufficient distilled water to give 75 
ml. and was titrated with the standard sodium 
hydroxide (0.50-ml. increments), by buret The 
pH, at each addition of the base, was determined 
with a Beckman model GS pH meter with fiber 
type calomel reference and glass (heavy duty 
electrodes. One milliliter, by pipet, of the metal 
stock solution (1 to 10 K 10 ~* moles), also diluted 
to 75 mL, was titrated with sodium hydroxide 

lo test for complexation with the metal, 1.00 
ml. of the metal stock solution was added to 5 ml 
of the ligand stock solution (all samples were 
diluted to 75 ml.) and the resulting solutions were 
titrated as outlined. In certain cases, to prevent 
hydroxide formation before the titration could be 
carried out (zinc), the titrated samples were pre 
viously acidified by the addition of 5.00 ml. of 
approximately 0.01 N HCl rhe titrations were 
conducted in a water bath at 30° +0.5°; the solu 
tions were allowed to reach this temperature for 
fifteen to twenty minutes prior to the titration 
During the titration, the solution was agitated by a 
slightly flattened glass stirring rod driven by an 
air stirrer. The agitation was not severe enough 


518 


| 
} 
| 
| 
=): 
j 
; 
CH 
2] R—N H + M 
CH 
CH CH 
R—N M N—R|+ 2H* 
CH CH; 
: 


August 1960 


to break the surface of the liquid. The pH meter 
was standardized with a buffer solution of pH 7.00 
All values reported are an average of two separate 
determinations. The precision of the pH measure 
ments was +0.02 pH unit 

All calculations are based on a constant volume of 
75 ml. Disregarding the volume changes, this 
led to an estimated error of 2) in addition to the 
experimental error of about 2°; 

Treatment of Data.—Qualitative.— Applying Bjer 
rum’s method (4) to a case of equilibrium betweer 
metal ions and a complexing agent, the following 
examples are presented for the pH titration of 
glycine (Fig. 1) and tetracaine HCl (Fig. 2) in 
the presence and absence of cupric ions. It was 
not found necessary to continue the titration to the 
equivalence point; each curve was carried approx 
imately to the half-neutralization point 

Curve I, in Figs. 1 and 2, shows the titration 
curve of a 75-ml. sample of ligand. Curve II 
shows the titration curve of a 75-ml. sample of the 
ligand to which a smaller quantity of cupric ton 
was added. The curve with the metal lies below the 
ligand curve indicating that complexation has 
taken place. The first flat portion of Curve II 
represents the formation of the complex, the 
sharp rise indicates the completion of the complex 
formation, and the last flat portion represents the 
titration of the excess ligand 

Calculation of Stability Constants.—-Using the 
method of Bjerrum (4), as modified by Calvin and 
Melchior (5), f, the average number of ligand 
molecules bound to a single metal ion, may be 
evaluated from the horizontal distance between 
titration curves I and II, Figs. 1 and 2. This its 
exactly the amount of base consumed in the re 
actions, and equals the concentration of BH* 
bound in the complex 


M*? + BH* + OH (MB)** 


(MB)*? + BH* + OH (MB,)** + HO 


and the overall reaction is 


M*? + 2BH* + 20H (MB,)** + 2H,O 


where M*? represents the metal ion, BH* is the 
protonated ligand, and MB)*? and (MB 
are complexed forms of the ligand. It is assuined 
that these are essentially the only reactions re 
sulting from the uptake of base since the complexing 
agent is present in considerable excess with respect 
to the metal ion rhe total moles of the ligand B 
bound, equivalent to the horizontal distance be 
tween curves I and II, when divided by the total 
concentration of metal, gives the value of fi. When 
fi becomes constant, the maximum for the average 
number of ligand molecules bound to a single 
metal ion is had. At any pH, the value of un 
bound or free B is calculated from p(B —log 
B = pKa — pH — log |[(BH*) initiar-(NaOH)|] 
In doing so, a series of values of fi and B are ob 
tained (6). Figures 3 and 4 are graphical representa 
tions of fi plotted against the negative logarithm of 
B, written p(B) Approximate values for ' 
log K, where log K is the overall stability constant, 
may be read directly from these formation curves 
ati = 1.0. The data are shown in Table I 
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Fig. 2.—Tetracaine hydrochloride; pH _ titration 
curve in the presence and absence of cupric ions 


RESULTS 


Qualitatively, cobalt, manganese, and = zinc 
ions did not complex with tetracaine HCI since no 
pH lowering was noted when tetracaine HCl was 
titrated in the presence of these metal ions. Nickel 
complexed to a very limited extent with the ligand, 
tetracaine 

Copper showed a tendency toward complexation 
with tetracaine. Since the copper-tetracaine titra- 
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TABLE | 


Typical CALCULATION OF fi AND THE STABILITY CONSTANT 


Moles OH 


NaOH 


pH * ml 


L.; Cu 
0.50-ml 


Glycine, 30°, 75-ml. sample, 3.33 XK 10-* moles 


3.16 
1.00 


3.16 & 
1.00 x 


107% 52 


From Fig. 3, '/- log K was found to be 7.35, 


+2 


moles B 
bound) fh 


(B) p(B) 


6.06 X 10~* moles/L.; NaOH, 2.59 K 10~* moles 


increment 


KM KK KK KK 


and log K 


10~* 56 1.95 
10 5.50 
10 1.59 
10 +. 68 
10 1.41 x 10° 
10 4.36 x 
10 9S 1.38 x 1075 
10 , 4.36 * 10 

38 X 10~* 
+.36 10~* 


value, ii = 2.00, is a maximum for 


x 
x 107% 
x 10 
x 10 


10 y l 


10 


14.70. The 


the average number of ligand molecules bound to a single metal ion 


Tetracaine HCl, 30 3.34 X 


moles 


75-ml. sample, 10 
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Fig. 3.—Glycine complex formation curve 
slightly in the 
near neutral range, the cupric ions were probably 
not bound to the molecule and 
removed from through the 
formation of hydroxo complexes and hydroxides 
Therefore, it to that the 
complex formation was limited by formation 
and solubility of cupric hydroxides 

Compounds having a structure similar to that of 
the tetracaine salt tested for their ability 
to complex with the cupric ion; it was found that 
the hydrochloride salts of both procaine and buteth 
amine formed complexes with copper 


tion samples becom opalescent 


tightly tetracaine 


were being solution 


is reasonable assume 


the 


were als 


* moles/L.; Cu**, 6.06 X 
mi., O.50-ml. increment 


10~* moles/I N aOH, 2.48 X 10~* 
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Fig. 4.—-Tetracaiae complex formation curve. 

Determination of Stability Constants..- Tetra 
caine HCl, procaine HCI, butethamine HCI, glycine, 
a-alanine, 8-alanine, and serine, with and without 
cupric ions, were prepared and titrated as outlined 
The procedure was then repeated, varying the con- 
centrations of the metal ion 

The apparent acidity (dissociation) constants of 
the complexing agents, as defined by Brénsted (7), 
were determined and tabulated in Table I 
The concentration range of ligands varied from 
1.25 to 2.50 XK 107% moles/sample; therefore, the 
ionic strength of the samples was considered negli- 
gible. The literature of the pK‘a were 
corrected to 30° by means of the correction factors 
given by Albert (10). 


are 


values 
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2.53 7.71 
1.86 7.26 
3.16 10 52 6.53 6.80 
5.00 1.00 10-5 1.02 7.83 6.33 
5.50 3.16 x 4.27 8.48 5.85 
6.00 1.00 10~ 4.40 5.36 
6.50 3.16 10 9.02 4.86 
7.00 1.00 1077 4.52 9.13 +. 36 
7.50 | 1.52 9.13 3.86 
8.00 13 3.36 
; 
7.94 X 1.60 3.97 > 
6.31 107% 1.95 84 & 
3.98 10~* 2.30 5.71 
2.51 X 10~ 2.55 6.32 X 
1.58 x 10~* 2.70 5.69 & 
1.00 * 9 85 7.07 x 
6 31 10~ 2.90 7.19 > 
3.98 1077 2.95 7.31 > 
2.51 x 107 2.95 7.31 X 
From Fig. 4, '/, log K was found to be 4.77 and log K = 9.54. 2 
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Actpiry CONSTANTS OF THE 
CoMPLEXING AGENTS" 


Il 


(Litera 
ture) 


Glycine ( 971 (8) 
a-Alanine j 9.80 (8) 
8-Alanine 5 10.30 (8) 
Serine 2: 9 (8) 
Tetracaine HCl 8.37 8.33 (9) 
Tetracaine HCI’ 

Procaine HC] 8. Of 9.05 (9) 
Monocaine HCl 


pKa 


Compound (Found) Reference 


* Comparison between results of this investigation and 
literature values corrected to 30 
® At ionic strengths of approximately 0.03, except for ‘ 
At an ionic strength of approximately 0.67 


Using the method previously described, the p(B) 
and fi The calculation 
was repeated for each concentration of cupric ion 
and the stability constant obtained 
from the formation curve. Table III presents these 
The binding of the copper to the drugs and 
amino acids would appear to be of the type previously 
postulated 

The Binding of Tetracaine HCl to Copper-Amino 
Acid Complexes. this portion 
of the investigation were (a) to determine the pos 
sible direct complexation of tetracaine HCl with 
amino determine the 
mediation of binding by metal ions, as Klotz and 
Loh Ming (12) have done 

Samples of the 
glycine, 


values were computed 


used, was 


values 


The objectives of 


acids, and (hb) to possible 


amino acid-copper complexes, 
8-alanine, and 
prepared stoichiometrically in a 2:1 ratio and were 
titrated with sodium hydroxide in the presence of 
tetracaine HCI, as was previously outlined 

It was found that the amino acids did not complex 
directly HCl. The second 
bility, mediation binding by the metal ion, 
indicated since the pH values of the samples of the 
three components, tetracaine HCl + amino acid + 
cupric ion lower than in any of the other 
solutions. Using the method for the calculation of 
the stability as previously outlined, the 
stability constants and fi were calculated (consider 
ing the amino acid-copper complex as the ‘metal 
ion’) rable IV is a tabulation of the results ob 
tained with the four amino acids 
that the Cu(Glycine)» 
complex may be altered by the addition of a foreign 
In this alteration the chelate rings of the 
original compound are opened to yield a complex 
that between Cu 
(Glycine }» and tetracaine may be of the type: 


a-alanine, serine were 


with tetracaine possi 


was 


were 


constant, 


Ley (13) has shown 


ligand 


rherefore, the reaction occurs 


2 TH’ (Cu(T + 2H* 


rhe variation that was evident with #-alanine, 
due to the distance that exists 
between the amino and carboxyl groups 


may be greater 


SCIENTIFIC 


EDITION 


STABILITY CONSTANTS OF COPPER 


Witru Various LIGANDS" 


TABLE III 


log K 
Litera 
ture ® (11) 


Copper 
Complex 


log K 
Found 
Glycine 7 5.0 
a-Alanine 2.0: 0 8 
6-Alanine 2.0% : 2.6 
Serine 2 
Tetracaine l 
Tetracaine‘ ] 
Procaine l 
Monocaine 

® At ionic strengths of approximately 0.03, except for 
and 

» Literature value at a low ionic strength (ca. 0.01) 

At an ionic strength of approximately 0.67 


TABLE 1V.—Srapivity CONSTANTS FOR THE BIND- 
ING OF TETRACAINE HCL to Copper-AmiIno AcID 
COMPLEXES 


Copper-Amino Acid Complex 
Copper-glycine 
Copper-a-alanine 
Copper-s-alanine 
Copper-serine 


Relationship Between pK ‘a and log K. 
proportionality has found to exist 
the basic strength of amines and their complex 
forming affinity (14, 15, 16). Martell and Calvin 
that, in general, characteristics of the 
complex formation are a correlation with the basic 
strength of the donor and the effect of 
substitution on the donor 

Accordingly, the binding (stability 
constant) should be directly related to the dissocia 
tion constant (pK‘a) of the drug as, in fact, was 
found as shown in Fig. 5 

It is well that trace metals often 
play a part in drug mechanism. An excess of the 
metal ions can serve to decrease drug action sub- 
stantially by binding with the key dissociating func- 
tional groups. On the other hand, an 
the trace metals may allow the drug to elicit a greater 
effect at its site of action. The log K of their copper 


A rough 


been between 


(2) state 


evectron 


degree of 


established 


excess of 


10 


Log K 
Tertiary amine complexes with copper (II) 
in aqueous solution. 


Fig. 5 


- 
ye 1.90 10.3 
2.20 10.3 
1.30 ua 
2.00 10.3 
Tetrocamec 
8 | | 
CH:—NH; oO Cc 
6 ‘ 
Cu + | 
Cc oO NH,—CH, ‘ 
ri : 2 i 6 8 = 
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complexes of the tertiary amines may, therefore, 
be related roughly to the physiological action of 
these agents. Accordingly, the knowledge of the 
physical properties and physico-chemic il constants 
provides an avenue of approach to drug mechanism 
that could well lead to a more successful prediction 
of biological activity, both qualitative and quantita 
tive, as well as to give an estimate of the selective 
toxicity of new compounds prior to pharmacological 
screening 

A Biological Evaluation of the Copper-Tetracaine 
Complex.—The objective of this part of the study 
was to determine whether or not the complexed 
form of tetracaine HCI affected the local anesthetic 
activity of tetracaine HCl Specifically, tetra 
caine HCl and tetracaine HCl with varying copper 
concentration solutions were tested by means of 
corneal anesthesia and infiltration anesthesia in 
the guinea pig to determine ny differences in 
the duration of action and degree of anesthesia 

The guinea pig cornea and intradermal wheal 
methods were selected for comparing the degree 
and durations of action of the solutions (17, 18, 
19). Both tests are simple, rapid, and sensitive 

For the cornea anesthesia test a 1.00%, tetracaine 
HCl solution (solution 1) was prepared Phe 
various concentrations of « upric on were so st lected 
to remove, theoretically, 21°) (solution 2), 30° 
solution 3), and 100°) (solution 4) of the tetra 
caine HCl 

For the wheal test, a tetracaine HCl concentra 
tion of 0.05% was chosen for comparing the effective 


ness of the complexed forms The concentrations 
used in the corneal method were diluted 20 times 
with distilled water to a 0.05°, concentration 
In both cases, all solutions were freshly prepared 
before use, and the unimals and solutions were 
randomly selected The investigator was unaware 
of the identities of the solutions until the experi 
ments were completed. A statistical evaluation of 
the results is found in Table \ 

In the corneal method, no significant statistical 
differences were noted between samples, as com 
pared to solution 1 In the wheal method, no 
statistical differences were noted with solutions 2 
and 3, as compared with solution | However, 
statistical significance was noted with solution 4 
since this result would be had more than 95‘ 
of the time. This would indicate that the presence 
of cupric ions in tetracaine HCI decreased the 
degree of local anesthesia to a slight extent It 


would appear that the presence of cupric tons 
immobilized the aliphatic-type amine portion of 


TasLe \ A STATISTICAL EVALUATION °F THE 
BIoLoGICAL DATA 


Solu Std. De ‘4 Mean 
tion t Test viation of Mean Values 
Corneal Method* 

l 2.83 1.00 12 63 

0.537 3.69 1.30 11.75 

3 0.400 3.36 1.19 13.25 

0.391 pod 4.65 1.64 11.88 
Wheal Method 

l 6.92 2.45 6.75 

2 1.470 <0.2 p>d.! 10.72 3.78 13.38 


1.008 <0.4 p>d0.3 8.50 3.00 10.68 
$ 2.197 <0.05p>0.02 14.00 4.95 18.88 


* Using units of 5 min 


the local anesthetic that is thought to exert the 
sensory anesthesia ( This would support the 
previously postulated mechanism of complexation 

An evaluation of the copper-glycine-tetracaine 
complex by the corneal anesthesia test showed no 
statistically significant differences between the 
complexed samples and solution | 
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The Application of 4-Analysis to Pharmaceuticals: 
The Determination of Eugenol’* 


By JULIUS C. DEMETRIUS, Jr.}, and JOSEPH E. SINSHEIMER 


The Ae-method of analysis, which was developed for the investigation of lignins, 
involves the selective modification of a given chromophore in a mixture of chromo- 


phores. 


This method permits the quantitative determination of a single ultra- 
violet- absorbing compound in mixtures of such absorbing materials. 


The analyses 


of eugenol in clove oil, in eugenyl acetate, and in two formulations are described as 


illustrations of the pharmaceutical application of this technique. 


The absorbance 


at 296 mu of an aliquot of the eugenol-containing preparation was determined in 


basic solution. 


The change in absorbance was then compared to the bathochromic 


displacement of a standard eugenol solution with a corresponding change in pH. 


STUDY phenolic compounds of 


Aulin-Erdtman (1, 2 


HE of the 


various lignins by ) and 


by Goldschmid (3, 4) was based in part upon the 


development of ‘‘Ae-curves."’ In these investiga 
tions the Ae-curves were obtained by subtracting 
the the U. V 
derivatives in solution of low pH from their cor 
By 


Ae-curves obtained in this manner to 


absorbances of spectra of lignin 
responding spectra in solution of high pH 
comparing 
those obtained from model compounds tn a similar 
manner, both qualitative and quantitative studies 
of phenolic compounds, even in the presence of 
other U. V 

he method need not be limited to the batho 


absorbing material, were possible 


chromic displacement of phenols in alkaline solu 
Aulin 
points out that the Ae-method may be applied 


tion Erdtman (5) in a review article 
whenever the absorption properties of a given 
in the 
A de 


spec 


chromophore can be modified selectively 
presence of a mixture of chromophores 

the 
trum of the starting material from the spectrum 
of the rhe of 
modified chromophores is thereby cancelled out 


curve is still obtained by subtracting 


product absorbance any non 
in those cases where selective modification 
Ae 


analysis has the advantage of the analysis of a 


Thus, 


of the chromophore can be accomplished, 


single absorbing material in a mixture of absorb 
ing materials without the necessity for prior sep 
aration 

This technique should have wide application 
to the 
purpose of this investigation to apply Ae-analysis 


The 
as one of the 


pharmaceutical determinations It is 
to a quantitative pharmaceutical problem 

lignin studies involved eugenol 
model compounds. A direct pharmaceutical ex 
tension of these studies was undertaken in the 


assay of clove oil for its eugenol content and the 
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a pharmaceutical product 
procedure developed for the 


assay of eugenol 
In addition, the 
assay of clove oil was tested by its application to 
a sample of eugenyl acetate. 


EXPERIMENTAL 


Ultraviolet absorption spectra and quantitative 
measurements were made with a Beckman, model 
DU spectrophotometer. All quantitative measure- 
ments were the average of six determinations 
After the first three determinations, the cells con- 
taining the sample solution and blank solution were 
interchanged 

Materials. 
fractionated 
helices-packed 
the purified sample was 
acetate (Aldrich Chemical 
by a similar distillation 
ilcohol-water. The 


Eugenol (Eastman Kodak Co.) was 

vacuum distillation through a 
column. The refractive index of 
= 1.5410. Eugenyl 
Co.) fractionated 
and crystallized from 
melting point of the purified 
sample was 30-31 Clove oil U. S. P. (Magnus, 
Mabee and Reynard, Inc.) had a total phenolic 
content of 87°) as determined by the U. S. P 
XV All other materials were of C. P 
grade and were used without further purification. 

Determination of Eugenol Spectra.—An 
curately weighed sample of 59 mg. of eugenol was 
diluted with 50°, aleohol-water to 250 ml. in a 
volumetric flask. A of 10-ml. portions of 
this solution was transferred to 100-ml. volumetric 
flasks and diluted to the mark with a series of 
buffer solutions prepared from standard solutions of 
sodium hydroxide and sulfuric The pH of 
each of these eugenol solutions was measured by a 
Beckinan Zeromatic pH meter and its U. V 
trum determined. In this manner eleven spectra 
of eugenol in solutions ranging from pH 2.5 to 13.5 
were obtained 

The Determination of Ae for Eugenol.—Samples 
of about 50 mg. of eugenol were accurately weighed 
and diluted with alcohol in a 250-ml. volumetric 
flask. One 10-ml. portion of this solution was 
diluted with water and 1 ml. of 1.000 N sodium hy- 
droxide in a 100-ml. volumetric flask. A 
10-ml. aliquot of the alcoholic eugenol solution was 
transferred to a 100-ml. volumetric flask and 
diluted with water and 1 mil. of 0.100 N sulfuric 
The absorbance of the alkaline solution was 
to the acid solution in the ref- 


by 


was 


assay 


ac- 


series 


acid. 


spec 


sect md 


acid 
determined relative 
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erence cell at 296 my. Blank solutions were also 
prepared, and any relative absorbance was de 
termined in a like manner in order to correct for 
any contribution due to solvents and reagents 
Seven such determinations were made. The 
alkaline solutions were recorded with a pH of 12.0 
+ 0.2 and the acid solutions with a pH of 3.0 + 
0.2 

The Determination of Eugenol in Clove Oil and 
in Eugenyl Acetate.—Samples of about 60 mg 
were accurately weighed and placed together with 
3 ml. of 1 N sodium hydroxide and 15 ml. of alcohol 
in a 250-ml. volumetric flask. After the mixture 
was shaken for five minutes at room temperature, 
it was heated in a boiling water bath for fifteen 
minutes. During this time the flasks were shaken 
at five-minute intervals. The flasks were cooled 
to room temperature and alcohol was added to 250 
mi, At the same time a control solution without 
sample was also prepared in this manner. Ten 
milliliter aliquots of the saponified samples and the 
control were then diluted and buffered; the relative 
absorbances at 296 mg were determined essentially 
as described under the determination of Ae for 
eugenol. The only modification required was the 
addition of 2 ml. of 0.100 N sulfuric acid to obtain 
the desired pH of 3.0 + 0.2 for the reference solu- 
tion 

The Determination of Eugenol in Formulations. 
An aliquot of the formulation was chosen to obtain 
a concentration of about 2 mg. per 100 ml. of eugenol 
in the reference and alkaline solutions. The pro 
cedure described under Ae for eugenol was then 
followed 

Calculations and Definitions.-A« for eugenol: 
Se = (AA X 164.2)/¢ 

Percentage of eugenol: ‘; (AA X 164.2 X 
100)/le Ae) 

Concentration: = (AA X 164.2)/Ae 


Where: Ae = absorbance at 296 my of a 1M 
solution of eugenol in base less the absorbance of a 
1M solution in acid. AA = the observed ab- 


sorbance at 296 my of a given concentration of 
eugenol in basic solution less the absorbance of 
same concentration of eugenol in acid solution 
¢ = concentration in Gm./L. 


RESULTS AND DISCUSSION 


Figure 1 represents the spectra of eugenol in (a) 
acid to neutral solution and (¢) in alkaline solution 
As is typical of phenols, there is a pronounced 
bathochromic displacement of both the E and B 
bands and an increase in the intensity of absorption 
of these bands. When the acid spectra is sub 
tracted from that of the alkaline spectra, the Ae 
curve illustrated in Fig. 2 is obtained 

The same Ae-curve is produced even in the 
presence of other U. V.-absorbing compounds pro- 
vided that these compounds show no response to 
changes in pH. Ae-curves can be used in a manner 
analogous to normal U. V. curves for qualitative 
and quantitative purposes. Thus, the maxima at 
246 and 296 my should serve as the basis for quan 
titative measurements 

It appears that the 246 my maximum, because of 
its greater intensity, would be the most useful for 
quantitative measurements. However, in actual 
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220 240 260 280 300 320 
WAVELENGTH my 


Fig. 1.—Ultraviolet absorbance spectra of eugenol; 
pH 7.0; -- pH 12. 
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220 240 260 280 300 320 
WAVELENGTH mu 


Fig. 2.—Ae ultraviolet absorbance spectrum of 
eugenol at pH 12.3 with the eugenol spectrum at pH 
7.0 as a reference. 
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Fig. 3.—-Maximum absorbance of eugenol as a 
function of pH; maximum at 296 my; ---- 
maximum at 246 my 


practice this is not the since the 
maxima showed greater stability with changes in 
alkaline pH than did the 246 my maxima and, 
therefore, would require a less critical control of 
pH for quantitative comparisons. The change in 
absorbance of these peaks as a function of change 
in pH is illustrated in Fig. 3 


case, 296 my 


To serve as a basis for the quantitative comparison 
of eugenol solutions, the Ae for the 296 my maxima 
was determined from standard solutions. The 
average of seven determinations gave a value of 
3,886 for a molar solution of eugenol of a pH of 
12.0 + 0.2 over that of a molar solution of a pH 
of 3.0 + 0.2 at 296 my 

Table | is a summary of the results of the determi- 
nation of the percentage of eugenol in a sample 
of clove oil based upon this value for Ae. As a 
partial test of the procedure there is also included in 
Table I the results of the analysis of a sample of 
eugenyl acetate 

In order to investigate the application of Ae 
analysis to a pharmaceutical formulation the follow- 
ing mouth wash, formula A, was compounded. 


Saccharin, soluble 0.025 Gm 
Fuchsin, basic 0.005 Gm 
Peppermint oil 0.100 Gm 
Eugenol 0.100 Gm. 
Alcohol 75.00 ce. 
Distilled water to 250.00 ce. 


Table II presents the results of the analysis of this 
solution for its eugenol content. 
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TABLE |.—-ANALYsIs OF EUGENOL IN CLOVE OIL AND 
EUGENYL ACETATE 


Kugeny! Acetate, “% 
Clove Oil (79.6% Caled.) 


85 80.0 
83 79 .§ 
85 81 
86 
86 

85 


Sample 


CO 


< 


TABLe II 


ANALYSIS OF EUGENOL IN MoutH WASH 
FORMULAS 


Formula A,Gm. Formula B, Gm 
Amount 

present 0.1004 0.1124 
Found 1 0.0980 0.1090 
é 0. 0980 0.1107 
0.0997 0.1104 
0976 0.1101 
1001 0.10904 
0972 0.1103 
0984 0.1099 


The above formula was also modified by reducing 
the peppermint oil to 0.06 Gm. and including 0.06 
Gm. of cassia oil which possesses U. V. absorption 
of high intensity. The results for the analysis of 
eugenol in the modified formula, formula B, are 
also presented in Table II. 

It should be noted that the U. V. spectrum of 
cassia oil shows a limited sensitivity to changes in 
pH, and results recorded in Table II would have been 
about 10°% lower unless corrected for this change. 
That is, the analysis of formula B required that the 
absorbance of a control solution without eugenol 
also be determined and be applied as a correction 
to the analysis of the complete formula. Formula 
B, therefore, demonstrates a limitation of Ae 
analysis: the sensitivity of the other compounds in 
a mixture to the conditions used to modify the chro- 
mophore of interest. This limitation can be 
overcome in the analysis of dosage forms by running 
a control as noted in the analysis of formula B or 
by applying a simultaneous equation determination 
to the Aecurve. If such corrections cannot be 
applied as, for example, in the assay of some natural 
products, the extent of these errors can readily be 
determined and, to a great degree, corrected by com- 
paring the complete Ae-spectrum of mixture to 
that of the standard compound. 
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Psicofuranine: Correlation of Assay Methods 
Degradation Studies* 


in Acid 


By EDWARD R. GARRETT and LADISLAV J. HANKA 


The unnatural nucleoside, p:icofuranine, is 
bimolecularly hydrolyzed by acid to adenine 
and the sugar psicose. Adenine appears to 
reverse the biological activity of psicofura- 
nine in the plate-disk method against S. 
aureus so that standard curves must be pre- 
pared with the same amount of adenine as 
the material to be assayed. When this phe- 
nomenon is accounted for, the chemical and 
biological assays are shown to correlate. 
The kinetic constants for the acid catalyzed 
hydrolysis of the nucleoside have been de- 
termined. 


‘|= NEW ANTIBIOTIC, psicofuranine (1), has 


been assigned the structure 6-amino-9-p 
psicofuranosylpurine by Schroeder and Hoeksema 
(2). This structure has also been proposed for 
angustmycin C by Hsu (3). Properties and 
assay methods have been studied (4-14) 

The purpose of this paper is to consider the 
acid catalyzed degradation of psicofuranine, I, 
by hydrolysis to adenine, II, and psicose, IIT; 


NH: NH; 


H* 


HOCH, 
\ 


CH,OH 
OH OH 
I Ill 


as measured by both biological (6, 12) and chemi 
cal (10, 11) assays, and to determine the signifi 
cance of the correlation between the assay meth 


ods 
EXPERIMENTAL 


Kinetics of the /n Vitro Degradation of Psico- 
furanine by Acid at 40°.—Sufficient psicofuranine, 
generally 25 mg., previously dried at 60° under high 
vacuum for forty-eight hours, was weighed into a 
tared flask, and made up to 
volume with the solvent of the appropriate hydro 
chloric acid concentration (see Table I). This sol 


25-ml. volumetric 


22 


* Received November 23, 1959, from the Research Labora- 
tories of The Upjohn Co., Kalamazoo, Mix 
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CONSTANTS FOR THE Acip Hy 
PSICOPURANINE AT 40° As 
CONCENTRA 


TABLE I.—-RATE 

DROLYSIS OF | MG./MI 

A FUNCTION OF HYDROCHLORIC 
TION 


Runs Tremp 
39. 
39! 
39.2 

4 5 39 

9 5 


* Except for run 6 at 0.42 mg. mi. and run 7 at 0.61 mg./ml 


Accurate within a run to +0.05 
Correlated with bioactivity; no apparent reason for low 
estimate of rate 
4 Correlated with bioactivity and run simultaneously ex 
cept that an initially equimolar amount of adenine was 
added to run 10 


vent had been previously equilibrated in the 40 
constant temperature bath. The resultant solutions 
viaced in the 40 bath and at 
recorded time intervals assayed by the procedure of 
Forist (11) which 
determination of psicofuranine in blood plasma and 
serum (10 Prior to the assay a I-ml. aliquot was 
pipetted into a 5-ml. volumetric flask containing 
sufficient NaOH to slightly over-neutralize the ali 
quot so as to halt the acid degradation. This solu 
tion was then diluted with water up to volume and 
the assay procedure applied 

The rate of acid degradation of psicofuranine 
should be bimolecular, proportional to the psico 
furanine molarity, [P|], and the molarity of the 
hydrochloric acid. The apparent molarity, [HCl]4, 
should be corrected for the amount of psicofuranine 
of pKa’ 3.9, determined by the pH at half-neutraliza 
tion, which provides a true molarity of [HCll4 - 
{[P]> = [HC!] where [P}, is the initial concentration 
of the antibiotic. The pKa’ of the hydrolysis prod 
uct adenine is almost that the acid 
concentration will not vary throughout the reaction 
Thus 


~d|P|/dt 


were temperature 


14s been applied to the chemical 


identical so 


{ (P] (Eq. 1) 
Equation 1 may be integrated as a pseudo first 
order equation so that 
log |P kt/2.303 + log|P (Eq 

where 
k ku’ | 


— [Plo] (Eq. 3) 


Typical plots according to Eq. 2 are given in 
Fig. 1 where the pseudo first-order nature of the 
acid degradation is confirmed by the linearity of the 
plots. The logarithm of the assayed absorbance 


which is proportional to the psicofuranine concentra- 


, 
| 
Pa 10 
es 
A 
N/AN HOH 
H 
II 
‘ 
| | 
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80 00 20 
TIME IN MINUTES 

Fig. 1—The pseudo first-order plots of psico 

furanine degradations at 40° in varying molarities 

of HCl at 40.0 The curves, HCl molarity and 

apparent pH are: A, 0.01 M, 2.13; B, 0.025 M, 

1.65: C, 0.050 M, 1.36; D, 0.075 M, 1.20; E, 

0.10 M,1.05. The absorbance values, A, at 630 mu, 

are proportional to psicofuranine content and are 

the readings determined by the assay procedure of 
Forist (11 


tion is plotted against time. The catalytic effect of 
acid concentration is apparent from the increase in 
negative slope with the increase in hydrochloric acid 
molarity The evaluated rate constants for the 
pertinent conditions used are given in Table I 

If the reaction is truly bimolecular with respect to 
acid and psicofuranine, the apparent first-order rate 
constant at constant hydrochloric acid concentra 
tion should not vary significantly with psicofuranine 
concentration This point is confirmed by the 
consistency of the apparent first-order rate constants 
at 0.100 M HCI for three different initial concentra- 
tions of psicofuranine (see runs 5 through 10 in 
Table I The dependence of the apparent first 
order rate constants, &, on HCl concentration is 
graphically given in Fig. 2 according to Eq. 3 The 
apparent [HCl|,4 value when k = 0 is 0.004 which 
agrees well with the psicofuranine concentration at 
1 mg./ml., i. e., [P]> = 0.0037. The slope of Fig. 2 
is kvn* = 0.00374 moles/L./min. The per cent 
purity of the psicofuranine by titration on assump- 
tion of the molecular formula (2) is 96.3%. 

Correlation of the Chemical and Biological Assays 
of Psicofuranine._In an attempt to correlate the 
chemical (10, 11) and biological (6) assays of psico 
furanine, a kinetic study was made at 40° in 0.100 M 
HC! and aliquots removed and assayed by both 
methods. The aliquots for biological assay were 
immediately neutralized and submitted on the 
basis of 80 »/ml. of the original material. The same 
psicofuranine as used in the study in the same 
slightly saline solutions was used to establish the 
standard curve for the plate-disk assay, i. e 
diameter in mm. vs. log concentration 


, zone 
A discrep- 


90 


0.02 0.04 0.06 008 0.10 
APPARENT MOLARITY OF HCI 


Fig. 2.—Rate constants, k in sec.~', for the 
pseudo first-order degradation of psicofuranine as 
a function of apparent HCl molarity at 40°. 


MCG./ML BY BIOASSAY 


40 80 120 160 200 
MCG /ML BY CHEMICAL ASSAY 


Fig. 3 


Correlation of disk-plate assay against 
S. aureus and the spectrophotometric measurement 
on the product from reaction of degraded (0.1 N 


HCl, 40°) psicofuranine with diphenylamine 
Curve A is based on the standard curve for bioassay 
set up on psicofuranine alone. Curve B is based 
on the standard curve for bioassay predicted for 
psicofuranine with the amounts of adenine present 
in the aliquots to be assayed. The dashed line is 
theoretical. 
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ancy became immediately apparent A plot of 
the potency by biological assay against purity by 
chemical intercept not passing 
through the origin (see Fig. 3, curve A Either this 
was an artifact of one of the assays or a certain 
fraction of the intact nucleoside had no biological 
activity 

This latter hypothesis and that of an artifact in 
the chemical assay appeared improbable since the 
pseudo first-order 
absorbance 


assay showed an 


acid degradations are elegantly 
(see Fig. 1 Also, the chemical assay 
was experimentally shown to be a linear function of 
the concentration of the nucleoside 

A parallel experiment was again run (runs 9 and 
10, Table 1) whereby aliquots of the acid degrading 
psicofuranine were again removed, neutralized, and 
assayed by both procedures. One of these studies 
was as before. An initially equimolar amount of 
adenine, a hydrolytic product of the acid catalyzed 
psicofuranine degradations, was added to the other 

The standard curves for the psicofuranine plate 
disk assay using S. aureus are given for these studies 
in Fig. 4 where curve A is the curve for psicofuranine 
alone and curve B is for psicofuranine with equi 
molar amounts of adenine 

The statistics for the regressions of bioassay on 
chemical assay are given in Table Il. If the varia 
tion about regression is completely assigned to the 
bioassay, the estimated standard deviation of a 
single assay, Sy, is +10 y/ml. for material assayed 
in the range 40-80 7/ml., i. e., an estimated error 
of 12°; in bioassay. 


DISCUSSION 


The Apparent Discrepancy Between the Chemical 
and Biological Assays. The bioassay of aliquots of a 
psicofuranine-0.1 M HC] solution maintained at 40° 
gave significantly less estimates of with 
time than the chemical assay which measured intact 
nucleoside (see curve A, Fig. 3). However, when 
adenine, a product of the hydrolysis, was added to 
the psicofuranine, a diminution of zone size for a 
comparable psicofuranine concentration 
parent in the standard curves for the plate-disk 
assay. Compare curves A and B in Fig. 4. If the 
point on the psicofuranine standard curve (curve A, 
Fig. 4) of 80 mcg./ml. is assumed as valid for no 
adenine present in the assay of psicofuranine and if 
the point on the equimolar psicofuranine-adenine 
standard curve (curve B, Fig. 4) of 40 meg./ml. is 
as assumed as valid for the half-hydrolyzed psico 
furanine, then curve C, Fig. 4, can be constructed 
which could be the standard curve for assay when 
the levels of adenine in the acid-degraded nucleoside 
are considered. This assumes, of course, logarithmic 
effect on the diminution of zone size by the addition 
of adenine. A complete exposition of effects will be 
published by Hanka (12 

When the constructed standard curve C, Fig. 4, 
is used rather than the standard curve A, Fig. 4, 
without regression of bioassay on 
chemical assay becomes curve B, Fig. 3, and as per 
the statistics of regression, Table II, this regression 
passes through the origin within experimental error 
The chemical assay can be concluded as a true 
measure of biologically active psicofuranine 

Confirmatory evidence was obtained from the 


potency 


was ap 


adenine, the 
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ZONE DIAMETER 


2c 40 80 
PSICOFURANINE MCG /ML 


Fig. 4.—-Standard curves for the disk-plate assay 
of psicofuranine using S. aureus, the zone size in 
mm. against the concentration in y/ml. Curve A 
is for psicofuranine alone, curve B is for psicofuranine 
with a molar equivalent of adenine, the curve C 
is the constructed curve to account for the effect 
of adenine on zone size for a given antibiotic con 
centration when adenine is produced during acid 
catalyzed degradation 


TABLE II.—STATISTICS OF THE REGRESSION OF 
PSICOFURANINE CONTENT BY THE BIOLOGICAL ASSAY 
(y) AGAINST THE CHEMICAL Assay (x)* 


Biological Assay Based on Standard 
Curves 
Psicofuranine 
Corrected for 
Adenine 
Effects 


Psicofuranine 

Alone 
Equation of regres 
sion, mx +b 


1 46x 
61.2 


Standard deviation 
of slope, on 

Standard deviation 
of intercept, 

tS, 

Standard deviation 
about regression, 
14 

Number of items, » 12 


0. 090 


« The psicofuranine aliquots were taken at various times 
on degradation in 0.100 W HCI at 40 


paper chromatography of the acid-degraded psico- 
furanine at the point in time when the biological 
adenine-free standard curve) 
was zero and the chemical assay was ca. 30°, of the 
original nucleoside content. Definite amounts of 
nonhydrolyzed psicofuranine in the magnitude ex 
pected were separated by this chromatography and 
coincided in position and color development with 
the psicofuranine controls (5 


assay (based on an 


SUMMARY 


The kinetic investigations of the acid catalyzed 
degradations of psicofuranine prove that the 
hydrolysis is bimolecular in acid and nucleoside 
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Correlation of bioassay and chemical assay 
for psicofuranine produced an estimated standard 
deviation in per cent of assay value of 12 per cent 
for the former which must be controlled for 
adenine content. The chemical assay is a valid 
measure of psicofuranine. Adenine reverses the 
biological activity of psicofuranine as assayed 
by the plate-disk method. 
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A Pharmacologic Study of the Effects of Various 
Pharmaceutical Vehicles on the Action of Orally 
Administered Phenobarbital* 


By MARVIN H. MALONE}, ROBERT D. GIBSON, and TOM S. MIYA{ 


The EDy-ED.»/LD, of phenobarbital sodium orally to rats 5 cc./Kg. was 126-190/ 


240 mg./Kg. 


Constant dosage for this study was 200 mg./Kg. or equivalent. 


Normalcy, instead of righting reflex regained, was used to define termination of 


narcosis. 
in aqueous agar solution-suspensions. 


Phenobarbital sodium was more efficient than phenobarbital when given 
Increasing viscosity by increasing sucrose 
concentration of vehicle progressively lengthened induction time. 


There was more 


rapid absorption from hypotonic than hypertonic solutions of phenobarbital sodium; 
yet there was less rapid absorption when given 10 cc./Kg. than 5 cc./Kg. using an 


80 per cent sucrose vehicle. 


A sex and 
Calculations utilizing log transformation 


= variation in response was noted. 


ata were used to summarize most accu- 


rately results obtained. 


PRESENT CONCEPT of an elixir is a clear, 


T= 


sweetened 


hydroalcoholic liquid intended 


for oral use which may or may not contain active 
medicinal agents. Considerable attention has 
been given to elixirs as vehicles for drugs but 
most of this research has been purely pharma- 


ceutical in nature, and has had as its goal 
than 
However, See- 


berg and Dille (1) have studied the comparative 


creased pharmaceutical elegance rather 


increased therapeutic efficiency 
gastrointestinal absorption of barbital, barbital 
and barbital elixir in the cat. Blood 
levels of barbital were reported one-half hour 


sodium, 


* Received August 21, 1959, from the 
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Lincoln 

Presented to the Scientific Section, A. Pa 
meeting, August 1959 

Abstracted in Federation Proc., 18, 418(1959) 
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Thesis of Marvin H. Malone 
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Education, 1956-1958. Present address: College of Phar 
macy, University of New Mexico, Albuquerque 

t Present address Department of Pharmacology, Purdue 
University, Lafayette, Ind 


Department of 
University of Nebraska, 


A., Cincinnati 


after oral dosing, but no data as to comparative 
Hazle- 
ton and Hellerman (2) have conducted a thorough 
investigation of the effects of sucrose, dextrose, 
glycerol, propylene glycol, and ethanol on the 
response of sodium pentobarbital and Metrazol 
administered orally to mice. Their work indi- 
cated that the pharmacodynamics of an elixir 
would be characteristic only for that specific 
elixir and dependent primarily upon the pharma- 
cologic nature of the medicinal agent and its 
concentration, and secondarily, upon the physical 
and pharmacologic nature of the specific ingre- 
dients that constitute the elixir vehicle and their 
relative concentrations 


pharmacologic response were presented 


Their results were ob- 
tained on mice not fasted prior to testing, and 
consecutive testing was practiced with a minimum 
period of only one week between experiments. 

The majority of research on barbiturates has 
been done with those classified as ultrashort to 
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intermediate in duration of action. Phenobar 
bital, a long-acting barbiturate, is the most 
widely used barbiturate in this country and has 
a wide variety of uses. Most pharmacologic 
research has concerned itself with the effects of 
barbiturates after their parenteral administra 


tion, in spite of the fact that most are consumed 


orally This investigation was undertaken to 
elucidate the pharmacodynamics of pheno 
barbital elixir U. S. P. XIV (3) 


EXPERIMENTAL 


General. Nebraska stock white rats were raised 
in the animal quarters of this laboratory from 
Wistar strain rats. After sex-separation at the age 
of four to six weeks, they were permanently num 
bered and housed in large colony cages. Animal 
quarters were kept at a temperature of approxi 
mately 25 Diet consisted of Purina laboratory 
chow checkers and water, both ad libitum White 
rats termed Manor Farm stock are animals of the 
Wistar strain purchased from Manor Farms, Staats 
burg, New York, and maintained for one month prior 
to test in the animal quarters of this laboratory 
under conditions identical to those described for 
Nebraska stock rats. All rats were tested at ap 
proximately thirty weeks of age. White mice used 
were purchased from J. C. Landis Co. of Hagers 
town, Maryland, and were of Webster-Swiss stock 
They were housed for one week prior to test in the 
animal quarters of this laboratory under conditions 
as described for Nebraska stock rats. Only mice 
within the weight range of 16-22 Gm. were used for 
experimentation 

Twenty-four hours prior to test, all food was re 
moved from the cages and the cages were swept 
clear of food particles and feces. Both rats and mice 
were housed in cages with coarse wire screen floors 
that allowed passage of feces. During fasting, water 
was allowed ad libitum. During the test period 
each animal was kept in an individual container and 
water was withheld. Laboratory temperature was 
maintained at 25.5-27.8° during the tests, as animals 
anesthetized with phenobarbital are markedly 
poikilothermic. All animals with loss of righting 
reflex were turned every hour to prevent hypostatic 
pneumonia. Prior to dosing, all animals were 
randomized and weighed to the nearest gram 
Technique of oral administration was that described 
by Holck, et al. (4), utilizing a Davol No. 8 feeding 
tube attached to a precision grade syringe The 
length of feeding tube allowed to enter the rat from 
the apparatus was 120mm. This length just passed 
into the cardiac portion of the stomach of male and 
female rats of this age and weight. Oral dosing of 
mice was accomplished with a precision grade 
syringe attached to a 20-gauge, one and one-half 
inch needle, the point of which had been cut off, 
edges rounded inward, and polished. Dosage vol- 
ume was 5 cc./Kg. for rats and 20 cc./Kg. for mice, 
unless otherwise stated 

Positive loss of righting reflex (LRR) was re- 
corded when the animal lay quietly on its side and 
did not attempt to right itself after four consecutive 
hand turnings of the animal. Positive recovery of 


righting reflex (RRR) was noted when the animal 
maintained itself in an upright position and promptly 
resisted four consecutive attempts to place the ani 
mal first on one side and then on the other. Time 
of normalcy (N) was noted when four consecutive 
attempts by the investigator failed to place first the 
right and then the left hind leg of the rat in an ex- 
tended position back of the animal Furthermore, 
normaley was not recorded unless the rat was 
grossly free of ataxia when placed on the floor free to 
roam. Time of death was recorded upon the cessa 
tion of respiration. After death all animals were 
autopsied. Having once been on test, the surviving 
rats and mice were not used for further experimenta 
tion. All weighings of drugs were done using an 
analytical balance. Solution-suspensions were pre 
pared in volumetric flasks of at least 50-cc. capacity 
at 20°, and were administered within twenty-four 
hours after preparation 


RESULTS 


Phenobarbital Sodium Dose-Response Curve. 
Documentation of the oral dose-response curve of 
phenobarbital sodium was necessary as a point of 
departure for the following work. Results are 
summarized in Table I Pooling the male and 
female data the oral narcotic EDw as calculated by 
the log probit method (5) was 126 mg./Kg. with a 
standard error of +115. Assuming a parallel 
lethal slope, the oral LDw» was estimated to be 360 
mg./Kg. The oral therapeutic index (LDy/EDw) 
and safety index (LD,/ED) were estimated to be 
2.86 and 1.26, respectively The 3.36°, solution 
used to dose the 168.18 mg./Kg. dosage level was 
about isotonic. The slower induction time seen 
with the next higher dosage group could indicate 
less rapid absorption by the hypertonic 4°) solution, 
in spite of the increase in dosage 

The common end point used to indicate termina 
tion of narcosis is RRR. However, for long-acting 
barbiturates such as phenobarbital where detoxifica 
tion rates are slow and excretion rates equally so, 
this end point was not adequate. Animals receiving 
the higher doses of phenobarbital sodium were ob 
served to have as many as five positive RRR end 
points. The borderline between sleep and nonsleep 
was so narrow that the animals were temporarily 
aroused by minor laboratory noises such as conversa- 
tion, only to return to sleep once the disturbance had 
ceased. Once N was achieved, the rats did not 
relapse. Since the ED, was calculated to be 190 
mg./Kg., the constant equimolecular dosage adopted 
for all following work was 200 mg./Kg. for pheno- 
barbital sodium and 182.7 mg./Kg. for pheno 
barbital. At this dosage level any potentiation or 
antagonism of the barbiturate response should be 
apparent 

Toxicity of Phenobarbital Elixir and Elixir Con- 
trols.—Rats were dosed with phenobarbital elixir 
U. S. P. XIV and appropriate elixir controls as 
shown in Table II. The elixir produced a very 
rapid nonphenobarbital-like induction time with 
death of respiratory arrest following within two 
hours after administration. Animals receiving only 
ethanol slept for an average of almost ten hours 
Rats receiving the amaranth-glycerol-sucrose blank 
displayed a true Joss of righting reflex, followed 
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TABLE I 
Rats 
Dosage, Per Inj.-LRR, 
mg./Kg Sex Group min 
84.09 M 5 
F 5 
100.00 M 5 
F 5 164 (2)° 
118.92 M 5 113 (3) 
F 5 111 (5) 
141.42 M 5 69 (2) 
F 5 104 (3) 
168.18 M ) 63 (3) 
F 5 87 (5) 
200 00 M 5 76 (5) 
F 5 137 (5) 
237 . 84 M 5 49(5 
F 5 54 (5 
282 . 84 M 5 64 (5) 
F 5 4$4(5) 


* Death by respiratory arrest 


Loc Dose OF PHENOBARBITAL ORALLY TO NEBRASKA STocK 
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Mean Duration Time 


LRR-N, Inj.-N, Inj.-Death 
hr br br.¢ 
9.8(2) 12.6(2) 

11.4(3) 13.3(3 
11.3(5) 13.2(5 
14.0(2) 15.1(2 
14.4(3) 16.1(3 
21.8(3) 22.9(3) 

21.2(5) 22 .6(5) 

24.1(5) 25.3(5) 

25.5(5) 27.7(5) 

<40.7 (5)* <41.5(5) 

<35.6 (5) <36.5(5) = 
<40.9(4) <42.0(4) 2.2(1) 
<44.2(4) <45.0(4) 


3.3(1) 


> Figures in parentheses represent the number of rats upon which the meanis based. 


Designates: equal to or less than 


TaBLe II 


PHENOBARBITAL ELIxtR AND VARIOUS CONTROLS ORALLY TO MALE NEBRASKA STOCK 


Rats* 


Inj.-LRR LRR-N 


Test Preparation Group min 
Phenobarbital elixir 10 13 (10) 
15°, Ethanol in water 7 7(7) 
Sweet orange peel tinc 

ture in water 
Amaranth-glycerol- 

sucrose in water 
Amaranth-sucrose in 

water 
45°, Glycerol in water 
90°, Glycerol in water 


Phenobarbital dosage as the elixir was 182.7 mg (Keg 
» Death by respiratory arrest 


Mean Duration Time 
N, LRR-Death 


Inj.-Death, 
hr. A. F.¢ N. 


1.5(10) 1.7(10) 10 9 


4 8(7) 


>0 (7 
>0.07 (7) 


Dosage volume for the first six test preparations was 45.7 cc./Kg 
Death for all animals rece:ving glycerol was preceded by clonic convulsions 


Number of rats with anal flow of test solution noted prior to death 


Number of rats with nasal flow of test solution after death 


Figures in parentheses represent the number of rats upon which the mean is based 


Dosage volume was 22.8 cc 
» designates: equal to or greater than. 


shortly by clonic convulsions and death of respira 
tory arrest This activity appeared to be due solely 
to the presence of glycerol Decreasing the dosage 
volume, yet administering an equivalent amount of 
glycerol produced essentially the same response 
although induction time was significantly more pro- 
longed 
a fluid diarrhea soon after dosage 


Most animals receiving glycerol displayed 
In certain cases 
Concurrent with 
muscular relaxation after death, fluid was observed 
flowing from the nostrils of some of these rats 
Upon autopsy the lungs were normal in size and 
color, although distension of the stomach and in- 
testines was noted 

Phenobarbital and Phenobarbital Sodium in 
Aqueous Vehicles..-Male and female rats were 
orally dosed with either phenobarbital sodium in an 
aqueous solution, phenobarbital sodium in 0.25% 
aqueous agar, or phenobarbital finely suspended in 
0.25°% aqueous agar as shown in Table ITI, part 1 

Attempts to apply statistics to the raw data re- 
vealed that the variances of the groups receiving 
phenobarbital sodium were not comparable to the 
variance of the group receiving phenobarbital 


this anal discharge was bloody 


Conversion of the raw data into natural log trans- 
formation data revealed upon statistical treatment 
with the F test that variances between the groups 
were then comparable and that the ¢ test could be 
validly applied to this data. This finding further 
indicated that group mean and standard error of 
the mean determinations should be calculated us- 
ing log transformation data rather than raw data in 
order to depict most accurately the research results 
of this experiment. A group mean ca'culated from 
log transformation data is termed a geometric mean. 
The 95% confidence limits for the geometric mean 
were calculated from the log transformation data 
and are two times the standard error of the mean. 
Statistical calculations followed the format outlined 
by Bliss and Calhoun (6). Results are summarized 
in Table III, part 2 

The induction time of rats dosed with pheno- 
barbital was approximately three and one-half times 
longer than that recorded for the other two groups 
receiving the salt. Differences in vehicles did not 
grossly affect induction time for phenobarbital so- 
dium. The pH of the 4% aqueous solution of pheno- 
barbital sodium was 9.1, while that of the 0.25% 
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PHENOBARBITAL AND PHENOBARBITAL SopruM ORALLY IN AQUEOUS VEHICLES TO 


MANOR FARM Rats* 


Test Group 
Code 


PNa.W.M 


Test Preparation 
Phenobarbital sodium in 
distilled water 
PNa.W.F 


Phenobarbital sodium in PNa.A.M 


0.25°% agar 


PNa.A.F 


Phenobarbital in 0 25°, P.A.M 
agar 
P.A.F 


@ Dosage used was 200.0 mg 
sex per group 
>» Death by respiratory arrest 


Kg. for phenobarbital sodium and 182 


Geometric Mean Duration Time 
Inj.-LRR, LRR-N, Inj.- Death, 
min hr hr.® 
27 (10) 9(9) 4.5(1) 

23-32* 7-32 .6 

31(10) 3(8) 
25-39 2.6-36 .2 
30 (10) 5(10) 
24-36 5-30.6 
39(10) 
34-46 5-36 .6 
116(10) 5(10) 
92-145 25.0-30.2 
126 (10) 33.4(10) 
94-170 31.8-35.0 


‘ 


Ten rats were dosed per 


mg./Kg. for phenobarbital 


© Figures in parentheses represent the number of rats upon which the mean is based 


4 Range figures indicate the 95°% confidence limits of the geometric mean 


formation data 


TaBLe III, Part 2.—Tests or SIGNIFICANCE 


t Test, Observed P ~ 
Comparison* Inj.-LRR LRR-N 
PNa.W._M vs. >0.50 >0.50 
PNa.A.M 
PNa.W.M vs 
P.A.M 
PNa.W.F os 0.1 
PNa.A.F 
PNa.W.F vs 001 
P.A.F 


0.001 >0.50 


0.05 >0.50 
0.50-0.25 

NOH). 25 0.025-—).01 

050.025 0.005-0,.001 


5O 0.005-0.001 


PNa.W.M and 
PNa.A.M vs. 


AH). 25 


OO1 5O 


P.A.F 
PNa.W.M and 
PNa.A.M vs. 
PNa.W.F and 
PNa.A.F 


05—).025 


@ See Table III, part | for test group code names, 


agar solution was 8.8. The 3.65% solution-suspen 
sion of phenobarbital in 0.25% agar had a pH of 7.2 
The slower onset noted with phenobarbital may be 
due to a difference in pH. Brodie and co-workers 
(7) postulated that acidic drugs are rapidly absorbed 
in their lipid soluble nonionized state from the highly 
.acid stomach and are not well absorbed in their 
lipid insoluble ionized state from the alkaline in- 
testine. Discrepancies in this concept were ex 
plained by invoking the Meyer-Overton partition 
coefficient (8, 9). The gastrointestinal and blood- 
brain barriers are considered to be primarily lipid in 
nature. According to the Brodie concept the alka 
line preparations of phenobarbital sodium should be 
poorly absorbed from the stomach, while the neutral 
solution-suspension of phenobarbital should be well 
absorbed. Passage of all three preparations into 
the alkaline intestine should hinder absorption. As 


These figures are calculated using log trans 


a result of this, the animals dosed with the neutral 
solution-suspension should have a much shorter on- 
set of narcosis. Using intact laboratory animals in 
a standardized clinical test situation, this study 
clearly indicated the opposite situation. Rate of 
solution for phenobarbital in the gastrointestinal 
contents explain the results observed here 
Table III, part 2, shows that there is a highly signifi 
cant sex difference in regard to duration of narcosis, 
the females sleeping about five hours longer. The 
pooled data of the two groups receiving pheno 
barbital sodium indicated that there 
significant sex difference as to onset of LRR, with 
the males showing a shorter induction time 
Phenobarbital Sodium to Mice.-In order to 
determine whether the sex difference previously un 
reported for long acting phenobarbital would be 
observed in another species, mice were dosed orally 
with 200 mg./Kg. of phenobarbital sodium using a 
aqueous solution 
Table IV. Females had a significantly faster induc 
tion time (P 0.050.025) and a greater mortality 
from respiratory arrest as compared with the males 
>0.50) between the 
reflex observed with 
This indicated a species variation in re 


may 


was also a 


Results are summarized in 


There was no significance (P 
sexes as to duration of lost 
survivors 
sponse 


TasBLe IV.—200 mc./Kc. PHENOBARBITAL SoprumM 


ORALLY TO Mict 


Geometric Mean Duration Time 
Inj.-LRR, LRR-RRR 
Group min hr 
21 25 (21) 18.3 (19) 
19-34 13 
21 18 (21) 17 
16-20 14.0-22 


35.1(6) 


® Figures in parentheses represent the number of mice 
upon which the mean is based, while the range figures indicate 
the 95°) confidence limits for the geometric mean 


Phenobarbital 
Syrups. 


isotonic 


Sodium in Various Sucrose 
A 10% sucrose solution is considered to be 
To test the effect of hypotonic, isotonic 
and hypertonic sucrose solutions upon the response 


d 
“Ny 
Sex 
M 
M 
F 
F 
2 
PNa.W.M vs 
PNa.W.F 
PNa.A.M vs 0 oh 
PNa.A.F 
P.A.M vs. >) 
{ P.A.F 
P.A.M 
PNa.W.F and 0 
PNa.A.F vs 
== 
th, 
Sex it 
M 2) 
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to phenobarbital sodium, 10 animals per sex, per 
test treatment were dosed orally as shown in Table 
V, part 1. Statistical evaluation is summarized in 
Table V, part 2 

With increasing concentration « 
vehicle there was a progressive lengthening of induc 


f sucrose in the 


tion time. Also, there was a highly significant sex 
variation in regard to duration of narcosis, with the 
females sleeping up to eight hours longer than the 
males. As viscosity and surface tension may be the 
factors modifying the response in this experiment, 
these physical properties were measured using the 
Du Noiiy tensiometer and the Ostwald pipet, and are 
correlated with induction time in Fig. 1 Each 
point in Fig. 1 represents the mean of five determina 
tions made at 37 Qualitatively the viscosity and 
induction time curves were similar, while the surface 
tension curve was qualitatively different. This 
indicated that viscosity was the major contributing 
factor for the observed lengthening of induction 


Tasie V. Part 1.--200 mc./KG. PHENOBARBITAL 


Soptum ORALLY IN VARIOUS SUCROSE SYRUPS TO 
N&BARSKA STOCK Rats” 


Geometric Mean Duration 
LRR-N 


Inj -LRR 
Test Vehicle Sex min hr 

Water M 42 (32-54) 19.9(15.9-24.9) 
F 37 (82-44 26.3 (24.5-28.3 

5°, Sucrose M 43 (37-51) 22.0(18.8-25.8 
8 

10°, Sucrose 8 3 
F 54 (46-63) 24.9(21.8-28.4) 

20°, Sucrose M 418 (41-55 21.3(18.1-24.9 
F 57 (43-75) 24.5(22.2-27.0 


10°, Sucrose M 39-82 16.5(10: 


80°, Sucrose M 94(67-1 
F 86 (63-1 


) 
1) 24.5(19.4-31.0 
3) 18.9(14.9 
8) 24.2(20.6-28.4 


3 
l 


« Ten rats were dosed per sex per test treatment 
+ Figures in parentheses indicate the 95°) confidence 
limits of the geometric mean 


TABLE PAR 


Comparison 


ScrENTIFIC EDITION 


89 J 

794 

~ 

2714 

= 

4 634 > 

= 564 
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a 

454 
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Fig. 1.—Relationship of induction time after 200 
mg./Kg. phenobarbital sodium to the viscosity and 
surface tension of various sucrose syrup vehicles: 
O, solid line, induction time; @, dash line, viscosity; 

, dotted line, surface tension 


time In this instance viscosity parallels osmotic 


pressure 

Phenobarbital Sodium at Two Dosage Volumes 
in Water and 80°; Sucrose Syrup..-Female rats 
were dosed as shown in Table VI, part 1. Statistical 
evaluation of the data is summarized in Table VI, 
part 2. When 200 mg./Kg. phenobarbital sodium 
was administered in aqueous solution it was more 
rapidly effective from a dilute (27) rather than from 


2STS OF SIGNIFICANCE 


Test, Observed P 


Inj. -LRR RR-N 
Water vs Between Vehicles Between Sexes Bet ween Vehicles Bet ween Seres 
5°, Sucrose 0.10-0.05 >0. 50 >0.50 0.05-0.025 
10°, Sucrose 0.025-0.01 >0. 50 >0.50 <0.001 
20°), Sucrose 0.025). 01 >0.50 >0. <0.001 
10°), Sucrose 0.005-0.001 >0. 50 0. 50-0 0.025-0.01 
80°, Sucrose 0.001 0.50.25 0.504) .25 <0.001 


VI, 


BARBITAL SODIUM ORALLY 


Dosage 
Volume 


ec. /Kg Vehicle Test Group Code 
5.0 Water PNa.W.5 
10.0 Water PNa.W.10 
5.0 80°, Sucrose PNa.S.5 
10.0 80°, Sucrose PNa.S.10 


* Ten rats were dosed per test treatment 
* Death by respiratory arrest 


ParT | Errects OF DIFFERENT DOSAGE VOLUMES ON RESPONSE OF 201) MG./KG. PHENO- 
ro FEMALE NEBRASKA STockK Rats" 


Geometric Mean Duration Time 
LRR-N 


Inj.-LRR Inj.-Death,? 
min hr hr 

49 27.3(9) 2.8(1) 
32-74¢ 26. 2-28.5 

29 (10) 28.5(7) 5.7(3) 
24-35 27 .8-29.3 

80 (10) 23.2 (10) 

60-106 17.8-30.3 

129 (10) 23.1(9) 6.1(1) 
106-1F2 20.7-25.7 


Figures in parentheses represent the number of rats upon which the mean is based 
4 Range figures indicate the 95% confidence limits of the geometric mean 
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Taste VI, Part 2 Tests OF SIGNIFICANCE 


Test, Observed P 


Comparison Inj.-LRR LRR-N 

PNa.W.5 0. 05-0.025 0 50-0.25 
PNa.W.10 

PNa.S.5 vs 0.025-0.01 >0.50 
PNa.S.10 

PNa.W.5 vs 0.10-0.05 0. 50-0.25 
PNa.$.5 

PNa.W.10 0 O01 0. 01-0.005 
PNa.S.10 


, concentrated (4°)) solution, as shown by a signifi- 


cantly shorter induction time and a 30° 
of fatalities 


of sucrose in the vehicle rendered phenobarbital’s 


incidence 
Hiowever, when large concentrations 


contribution to osmotic pressure insignificant, the 
effects of administering a more dilute solution of 
phenobarbital sodium was ictually reversed, as 
shown by a prolonged induction time and a signifi 
cantly reduced duration of narcosis This indicated 
that while the osmotic pressure of the vehicle can 
modify response, the dosage volume is also an im 
portant factor 

Phenobarbital in Ethanol-Glycerol-Water Mix- 
tures.—From the data of Krause and Cross (10 
various combinations of ethanol and glycerol were 
selected in which 182.7 mg./Kg. of phenobarbital 
could be dosed at 5 cc Kg With only four rats 
dosed per test treatment, only qualitative con 
clusions could be drawn which corroborate the find 
ings of Hazelton and Hellerman | 2 


DISCUSSION 


Phenobarbital elixir U. S. P. XIV contains three 
ingredients with pharmacologic activity 
barbital. ethanol, and glycerol It was impossible 
to determine the relative merit of the intact elixir 
because the narcotic effect of phenobarbital was both 
qualitatively 


pheno 


und quantitatively changed by the 
Pharmaco 
logically inactive sucrose was shown to quantita 
tively alter the 


various actions of ethanol and glycerol 


phenobarbital response A pro 
posed new elixir can be f mulated on a pharmaco 
logic basis It should be a dilute hydroalcoholic 
solution of phenobarbital sodium rhe presence of 
ethanol would lend a certain amount of pharma 
ceutical stability as well as supplementing and has 
wction of phenobarbital sodium A 


sweetener, such as cyclamate sodium 


tening the 
synthetic 
N. N. D which does not uppreciably change vis 
should be substituted for the sucrose and 
Further flavoring is indicated This 
postulated elixir fulfills the classic definition, but 
would avoid the wndesirable vehicle 


cosity, 
glycerol 


pharmaco 
dynamics found in phenobarbital elixir U 
XIV by this study and others 


SUMMARY 


l Using a constant dosage volume of 5 ce./Kg 
the oral narcotic EDw for phenobarbital sodium 
administered to rats was found to be 126 mg Kg 


(+ 11.5 The dosage level adopted for this 
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study was 200 mg./Kg. or its equivalent, since 
the ED, was calculated to be 190 mg Ke 
The safety index (LDs/ED.) was estimated to 
be equal to 1.26 

2. The pharmacologic end point of righting 
reflex regained (RRR) cannot be used to describe 
accurately the action of long acting barbiturates 
A new end point, normalcy, was defined 

8 Ethanol and glycerol were shown to modify 
qualitatively and quantitatively the effect of the 
phenobarbital in phenobarbital elixir U. S. P 
XIV 

t. Group mean and standard error of the 
mean calculations for induction time and duration 
of barbiturate narcosis must be calculated from 
common log transformation data to describe 
experimental results most accurately 

5. Phenobarbital sodium was more efficient 
in inducing narcosis than phenobarbital, when 
these compounds were administered in aqueous 
solution-suspensions of low viscosity 

6. Increasing concentrations of sucrose im 
aqueous test solutions of phenobarbital sodium 
progressively lengthened the induction time for 
narcosis. This appeared to be a function of 
viscosity rather than surface tension 

7. Phenobarbital sodium was more rapidly 
effective in dilute aqueous solutions than in 
concentrated aqueous solutions 

8. An equal dosage of phenobarbital sodium 
was less rapidly effective when administered 
10 ce./Kg. than 5 ce./Kg. im an S0°> aqueous 
solution of sucrose 

9 There was found a definite sex variation in 
response to phenobarbital and phenobarbital 
sodium administered orally to rats of the Wistar 
strain. Males had a shorter duration of narcosis 
as well as a somewhat shorter induction time as 
compared to the females. No colony variation 
was seen. A qualitative species variation was 


observed between rats and mice 
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A new and convenient method has been de- 
veloped for the large scale preparation of (2- 
hydroxyethyl)trimethylammonium theophyl- 
linate.' The synthesis of several (2-hydroxy- 
alkyl)trimethylammonium theophyllinates 
was accomplished by the addition of tri- 
methylamine to various epoxyalkanes and 
then reacting the resulting intermediate with 
theophylline or 8-substituted theophylline 
derivatives. Various properties of these com- 
pounds are described. 


T= METHYL derivatives of xanthine, particu 
larly theophylline, have been used for many 
vears as therapeutic agents in bronchial asthma, 
angina pectoris, and as mild diuretics. Theo 
phylline has also found clinical application for 
myocardial stimulation and has been employed 
occasionally for the treatment of hypertension 

Although the therapeutic value of this drug is 
well founded, it is not without undesirable side 
effects. Of these, the most important is that it 
causes gastric irritation with concomitant nausea 
and vomiting. Another disadvantage of theo 
phylline is its very limited solubility in water 
In order to increase its therapeutic effectiveness, 
particularly in oral administration, preparations 
with enhanced water solubility were investigated 
Certain double compounds of theophylline with 
salts and aliphatic amines showed considerably 
higher solubility. Several such addition products 
or mixtures have been reported, including amino 
phylline, theophylline-methylglucamine, and the 
ophylline sodium glycinate (1, 2) 

In contrast to the double compounds men 
tioned above, it was shown that the condensation 
of choline with theophylline afforded an ionic 
compound which possessed properties of a true 
salt (3) 

(2-Hydroxyethyl)trimethylammonium theo 
phyllinate was previously prepared by two 
methods. The first (4) consisted of reacting cho 
line base with an alcoholic suspension of theo 
phylline. The second method (3) involved heat 
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Substituted Xanthines II* 


Preparation and Properties of Some 
( 2-Hydroxyalkyl )trimethylammonium Theophyllinates 


By FREDERICK VIDAL} and THEODORE I. FAND?t 


ing theophylline with an excess of choline bicar 


bonate in an aqueous medium until the evolution 
of carbon dioxide ceased. The reaction product 
was then obtained upon concentrating the solu- 
tion under reduced pressure. While these pro- 
cedures were suitable for laboratory work, they 
were not satisfactory for large scale operation 

The method of choice (5) for preparing this 
quaternary ammonium salt was patterned after 
Wurtz's well-known synthesis (6) of choline with 
several pertinent modifications. Good yields of 
several (2-hydroxyalkyl)trimethylammonium 
theophyllinates, free of inorganic salts, resulted 
from the reaction between trimethylamine, var- 
ious epoxyalkanes, and theophyiline or its 8- 
substituted derivatives 

(2 - Hydroxyethyl)trimethylammonium theo 
phyllinate was conveniently formed in high yields 
when ethylene oxide was used in this reaction. 
In order to determine the optimal reaction con- 
ditions, the effects of the following variables were 
studied: (a) pressure, (>) solvents, (c) tempera- 
ture, and (d) presence of water. It was found 
that the yields for (2-hydroxyethyl)trimethyl 
ammonium theophyllinate ranged between 8&3 
and 97% of the theoretical under the different 
conditions employed. The best yield could be 
obtained by the use of anhydrous isopropanol as 
solvent and by cooling the starting materials at 
the beginning of the reaction to —10°. Further 
more, it was possible to carry out the reaction at 
atmospheric pressure if these conditions were 
maintained. The reaction was found to be vig- 
orous and exothermic both under completely an 
hydrous conditions or in the presence of catalytic 
amounts of water. (2-Hydroxyethyl)trimethyl- 
ammonium theophyllinate was the sole reaction 
product in all but one of these experiments. In 
the latter case, 7-(2-hydroxyethyl)-theophylline 
% yield, 
while the major product was the quaternary 
ammonium salt, obtained in 89% yield. Table 


was isolated as a minor component in 5 


I summarizes most of the results obtained in the 
investigation of the optimal reaction ccuditions 
for the preparation of (2-hydroxyethyl)trimethyl 
ammonium theophyllinate or its 8-substituted 
derivatives. 


f 
| 
+ 
R - 
535 
e 


be 


536 JOURNAL OF THE AMERICAN PHARMACRUTICAL ASSOCIATION Vol. 49, No. 8 


If the 8-bromo-, chloro-, or nitro-theophylline 
derivatives were employed, the sole reaction prod 
uct isolated in each instance, was (2-hydroxy 
ethyl)trimethylammonium 8-bromotheophyllin 
ate, (2-hydroxyethyl)trimethvlammonium 8-chlo 
rotheophyllinate, and (2-hydroxethyl)trimethy] 
ammonium 8-nitrotheophyllinate, respectively 

The reaction of theophylline with propylene 
oxide and trimethylamine led to the formation of 
only one product, namely, (2-hydroxypropyl) 
trimethylammonium theophyllinate, obtained in 
a yield of 67%. However, when 1,2-epoxy 
butane was used instead of | ,2-epoxypropane, two 
products were isolated; namely, (2-hydroxy 
butyl)trimethylammonium theophyllinate (in 
‘8% yield) and 7-(2-hydroxybutyl)-theophylline 
(in 26% yield) 

On the basis of our findings, the formation of 
(2-hydroxyethyl)trimethylammonium theophyl 
linate is postulated to proceed as follows: in the 
initial step trimethylamine reacts with the re 
active ethylene oxide by opening the oxirane ring 
rhe resultant intermediate then reacts with theo 
phylline to give the final product. A_ possible 
mechanism for the reaction, under anhydrous 
conditions, may be represented schematically as 
follows 


(CH 


Intermediate 


N—C=0O 
C—N 
CH 
CH,—N—C—N 
N—CH-—CH;—OH ]}* 


N—C—N 


In the presence of water, however, it is assumed 
that the intermediate first formed is choline, 
which then condenses with theophylline, yielding 
the desired quaternary ammonium salt 

Several attempts were made to prepare (1 
methyl - 2 - hydroxypropyl)trimethylammonium 
theophyllinate and  (2-hydroxyphenethyl)tri 
methvlammonium theophyllinate by heating 
theophylline and trimethylamine with 2,5-epoxy 
butane and with styrene oxide, respectively. We 
were unable, however, to obtain the desired 
quaternary ammonium salts in crystalline form 


by the described method. In these instances, 
the only reaction products isolated and identified 
were the 7-(1-methyl-2-hydroxypropyl)- and 7 
(2-hydroxyphenethyl)- derivatives of theophyl 
line, respectively 

According to our results the yield of the cor 
responding quaternary ammonium salt decreased 
as the chain-length of the alkyl group of the epox 
ide increased, or if an aryl substituted epoxide was 
used. Simultaneously with the decrease in yields 
of the quaternary ammonium compounds, there 
was an increase in the amounts of the 7-(2-hy 
droxyalkyl)-theophyilines. Obviously, the for 
mation of the latter theophylline derivatives com 
petes with the main reaction and the proportion 
of these two different types of compounds ob 
tained, depends on the alkyl chain length of the 
epoxide used. 

A future publication will deal with the prop 
erties and a convenient procedure for the prep 
aration of some 7-(2-hydroxyalkyl)-theophyl 
plines 


EXPERIMENTAL® 


Materials.—8-Bromotheophylline was prepared 
by the method of Biltz and Strufe (7) and 8-chloro 
theophylline was prepared according to Fischer and 
Ach (8 8-Nitrotheophylline was obtained accord 
ing toa previously described method (3 

Trimethylamine and the different epoxides were 
obtained from commercial sources 

Procedure.—The general reaction procedure for 
the preparation of the compounds listed in Table | 
is illustrated by the following examples. In the ex 
periments in which water was used as the solvent, 
it was necessary to ¢ vaporate the solution im vacuo 
to about one-third of its original volume in order to 
isolate the reaction products. Isopropanol was 
then added until a precipitate formed upon cooling 

(2-Hydroxyethy! )trimethylammonium Theophyl- 
linate.—A solution of 28 Gm. (0.47 mole) of dry 
trimethylamine in 100 ml. of anhydrous isopropanol 
was placed in the reaction flask and cooled to — 10° 
[Twenty-one grams (0.48 mole) of ethylene oxide 
was added while stirring, followed by 65 Gm. (0.36 
mole) of anhydrous theophylline During this 
period the temperature was maintained around 

10°. The slurry formed was stirred vigorously at 

10° for one hour and at room temperature for 
another hour During this latter time, an exo 
thermic reaction occurred and the temperature of 
the mixture rose to 65 When the reaction sub 
sided, the slurry was stirred at about 60° for an addi- 
tional one and one-half hours. Upon cooling in ice, 
the product was filtered on a Biichner funnel and 
washed thoroughly with cold isopropanol. The 
vield of (2-hydroxyethy] )trimethylammonium theo 
rhe product melted 
at 186-187° and did not depress the melting point 
of an authentic sample of (2-hydroxyethyl tri 


phyllinate was 99 Gm. 


* All melting points have been corrected and were taken in 
capillaries 


+ CH, — 
oO 
| 
CH;—N—C=0O 
C—N 
CH 
Ch, 
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MINE AND THEOPHYLLINE OR & SUBSTITUTED 
DERIVATIVES 


Purine Reaction 
rrimethyi Deriva Solvent rime Temp Products M. P Vield, 
No amine tive ml Pressure hr c Name Cc % 
l 25% Aqueous Th« 100 H.O Sealed tube AS 20 ChTh* 188 83.5 
solution 100 188 . / 
2 25°, Aqueous Th* 100 H.O Atmospheric 48 20 ChTh* 187.5 85 
solution 100 188. / 
Anhydrous Th* 220 Isopr.+ Atmospheric 2 0 ChTh* 187.5 89.5 
20 H.O 2 60 188. 5°: 
t 25% Aqueous BrThe 50 H,O Sealed tube 48 20 ChBrTh 65 85.5 
solution l 100 65. 
5 25% Aqueous CIThy 50 H,O Atmospheric 48 ChCITh 97-99/.' 9% 
solution l 50 
6 Anhydrous NThe 180 Isopr. + Atmospheric 2 O ChNTh = 248/.i 87.5 
20 H,O 2 
Th theophylline; BrTh bromotheophylline; CITh 8-chiorotheophylline; NTh S-nitrotheophylline; Isopr. = 
isopropanol; ChTh 2 hydroxyethy!)trimethy lammonium theophyllinate. ( hBrThk 2-hydroxyethy!)trimethylam 
montium 8-bromotheophyllinate; ChCITh 2-hydroxyethy! /trimethylammonium chlorotheophyllinate ChNTh (2 
hydroxyethyl!) trimethy lammonium 8 nitrotheophyllinate 


* A l:1:1 mole ratio of Th. base and epoxide was usea 
186 # A 0.9:1:1 mole ratio of Th base 
1.6% of 7-(2-hydroxyethy}) theophytline, m. p. 162-164 


point depression when admixed with an authentic sample of the 


0.75:1:1 mole ratio of 8 substituted Th, base, and epoxide was used 
3) m. p. 248 


methylammonium theophyllinate, prepared by 
another method 

(2-Hydroxypropyl trimethylammonium Theo- 
phyllinate.—In a three-necked flask equipped with a 
strrer, gas inlet tube, and an addition funnel was 
placed 100 ml. of isopropanol. The flask was im 
mersed in an ice bath, 31 Gm. (0.52 mole) of tri 


methylamine bubbled into the solvent, and 30 Gm 
(0.52 mole) of propylene oxide added To this solu- 
tion, 72 Gm. (0.4 mole) of anhydrous theophylline 
was added slowly while stirring over a period of 
thirty minutes. The slurry which formed was 
then stirred vigorously at 5° for one hour and at 
room temperature for one and one-half hours, when 
the flask was equipped with a condenser in place of 
the inlet tube During this latter time, an exo 
thermic reaction took place and the temperature 
rose to about 60 Finally, the reaction mixture was 
stirred at about 60° for an additional one and one- 
half hours. The slurry was cooled to 0°, the solid 
was filtered off and washed thoroughly with cold 
isopropanol. Recrystallization of the white product 
from isopropanol gave 80.3 Gm. (67 5%) of (2 
hydroxypropy] )trimethylammonium theophyllinate, 
m. p. 186.5-187.5 A mixed melting point with a 
sample of (2-hydroxyethyl /trimethylammonium the 
ophyllinate showed a marked depression (m. p 
L70-172.5 (2-Hydroxypropy] )trimethylammo 
nium theophyllinate was found to be very soluble in 
water (1:1) and a 1% aqueous solution had a pH of 
about 9.5 

Anal.*—Caled. for C, 52.5; H, 7.79; 
N, 23.56; neut equiv., 297. Found: C, 52.95: H, 
7.6; N, 24.0; neut. equiv., 294 

(2-Hydroxybutyl jtrimethylammonium Theo- 
phyllinate. lo 50 ml. of isopropanol, cooled to 0°, 
was added 16 Gm. (0.27 mole) of trimethylamine 
and 18 Gm, (0.25 mole) of 1,2-butylene oxide while 


+ Microanalyses for C and H were performed by the 
Schwarzkopf Microanalytical Laboratory, Woodside, N. Y 
N analyses were carried out by Miss Ruth Becker: the 
neutral equivalent determination was made by Mr. Milton 
Geller 


* Unreacted Th, 7% 
and epoxide was used 
was also obtained in this experiment; th 


was also recovered © Reported (3) m. p 
* In addition to the quaternary ammonium compound, 
is compound gave no melting 
same product f Reerystallized from isopropanol eA 

* Reported (3) m p. 67 i Dried at 60°. ; Reported 


the temperature was maintained at 0°. This solu- 
tion was stirred and 36 Gm. (0 2 mole ) of anhydrous 
theophylline was introduced in small portions. After 
the final addition, the slurry which formed was 
stirted vigorously at 0° for one hour and at room 
temperature for an additional two hours. After the 
first hour, an exothermic reaction ensued and the 
mixture reached a temperature of 40°. When the 
reaction had subsided, the mixture was stirred at 
60° for another hour During this time, the sus- 
pended material originally present had dissolved 
Upon cooling to 5°, the precipitate which formed 
was collected on a Biichner funnel and washed thor- 
oughly with cold isopropanol, m p. 150-154°. Two 
recrystallizations of the crude material from isopro- 
panol gave 30.2 Gm. (48 of (2-hydroxybutyl )- 
trimethylammonium theophyllinate, m. p. 164— 
166°. This salt was somewhat hygroscopic, very 
soluble in water, and a 1° aqueous solution gave an 
alkaline reaction (pH 9.5) 

Anal.—Calcd. for N, 22.5. Found: 
N, 22.9 

After concentrating the combined mother liquors 
to a small volume and subsequent cooling, 24 Gm. 
of a white crystalline precipitate, m. p. 132-137°, 
separated. This fraction was twice recrystallized 
from isopropanol to yield 13 Gm (25.8%) of 7-(2- 
hydroxybutyl)-theophylline, m p. 141-142.5° 

Anal.—Caled. for C);HigN,O,: N, 22.22. Found: 


N, 22.6. 


SUMMARY 


l. series of (2-hydre xyalkyl)trimethyl- 
ammonium theophyllinates has been prepared for 
evaluation of diuretic and antispasmodic activ 
ities, 

2. A new and more convenient procedure for 
the synthesis of these compounds has been de- 
scribed, 
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The following new compounds have been 


characterized (2 hydroxypropyl) trimethy! 
ammonium theophyllinate, (2-hydroxybutyl) 
trimethylammonium theophyllinate, and 7-(2 
hydroxybutyl)-theophylline 

4. The compounds tested showed compara 
tively low toxicity. Previous research has dis- 
closed effective bronchodilator action of some of 


these compounds 
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A Comparison of the Effects of Colchicine and Some 
Purified Veratrum Alkaloids on Nuclear Division in 
Roots of Allium cepa L." 


By DOUGLAS L. SMITH? and L. DAVID HINER 


Purified alkaloidal mixtures and crystalline 

veratrum alkaloids were compared with col- 

chicine as to effects on nuclear and cellular 

division. Chromosomal! aberrations often re- 

sulted but appeared to be due to a different 
type of action. 


REMARKABLE EFFECTIVENESS of colchicine 


to alter the nuclear mitotic processes in 


meristematic tissues is well established (1) 
Living cells respond almost universally to colchi 
cine after a basic pattern which constitutes the 
colchicine mitosis (c-mitosis), in which selective 
inhibition of spindle fiber formation interieres 
with nuclear division at metaphase 

Many chemical agents other than colchicine 
have been used to produce nuclear and cyto 
plasmic changes in plants (2-9 In 1944 
Witkus and Berger reported on ‘‘veratrine, a new 
polyploidy inducing agent” (10). According to 
these authors the cytological effects of this agent 
were similar to those of colchicine with a few 
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differences in the mechanism of action by which 
polyploidy was produced. Because of the re 
newed interest in the active principles of veratrum 
and related genera (Zygadenus) by the medical 
profession within recent years, numerous investi 
gators have attempted to isolate new veratrum 
like extracts (11-13), to characterize the tsolated 
derivatives (14-16), and to evaluate what, if any 
pharmacological activity resides in the agents 
thus obtained (17-19 With this renewed inter 
est in Veratrum viride and related derivatives 
many purified alkaloids heretofore unobtainable 
have now become available. Because of the close 
structural similarity between the alkaloids in 
veratrine and tl Ikaloids found in Veratrum 
viride Ait. and Veratrum album L., it was thought 
important to conduct a study to determine (a) 
whether some purifi-d alkaloidal mixtures (Veri 
loid') or crystalline alkaloids of veratrum (pro 
toveratrine A*) possess the ability to modify the 
cycle of nuclear and cellular division, and (4) to 
determine how such activity compares in kind 
and degree to that already established for col 
chicine. The effects of colchicine on nuclear 


Veriloid, a mixture of active principles from Veratrum 
tride Ait. standardized for hypotensive activity to reference 
standard alkavervir, supplied by Dr. J]. E. Campion, Riker 
Laboratories Inc Los Angeles, Calif 

Protoveratrine A, 4 purified alkaloidal fraction obtained 
from Veratrum album I supplied by Dr. J. E. Campion 
Riker Laboratories Inc., Los Angeles, Calif., and Dr. L. € 
Weaver, Pitman-Moore Company, Indianapolis, Ind 
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mitotic activity were investigated because this 
agent has become the agent of choice for experi 
mental alteration of cell division processes and 
because it was desired to establish a comparison 
standard for subsequent studies on Veriloid and 
protoveratrine A. The results of this investiga- 
tion provide the basis for this report. 


METHODS 


Onion bulbs, Allium cepa L., var. White Portugal, 
were used as the experimental plant. A solution of 
2°, 2-chloroethanol’ in tap water was used to induce 
sprouting of new roots on the bulbs. The purpose 
of soaking the bulbs in the 2-chloroethanol solution 
was to induce the sprouting of more roots than would 
result from the use of tap water alone (20 After 
the roots had sprouted, constant solution tempera- 
tures at 30 + 0.5° were maintained at all times 
Root tips were prepared for microscopic examina 
tion by standard fixing, staining, and mounting 
procedures (21-24 

All intact cells observed in three scannings through 
the upper, middle, and lower third of a slide were 
recorded and the per cent of cells in any stage of 
Statistical 
analyses of the experimental data were performed 


nuclear mitotic division was calculated 


by utilization of the analysis of variance technique 
after minor transformation of the original data to 
angles (25, 26 

For both colchicine and Veriloid, a population 
sample of 100 allium bulbs was randomly divided 
Each of the 
main groups was further randomized and subdivided 
into 


into 5 main groups of 20 bulbs each 


The 5 main 
groups consisted of 4 concentrations of the drug from 
0.1 to 0.8°% (concentrations represented colchicine 


4 subgroups of 5 bulbs each 


U.S. P. or Veriloid equivalent to reference standard 
alkavervir). The remaining main group served as 
the control. The subgroups represented four differ- 
ent times of exposure to the requisite test solution, 
i.e., three, six, nine, or twelve hours 

In order to dissolve the Veriloid, a minimum 
of diluted acetic acid N. F. (1.4 ml./100 
ml. of solution) was employed. This amount of 
acid (equivalent to 0.084 Gm. of C,H,O;) was found 
by examination of the cells to be noninjurious to the 
root tissues 
alkaloidal 
glassware (Fig 


amount 


Special glass holders for the bulbs and 
solutions constructed from Pyrex 
1) which would hold approximately 


were 


Fig. 1.—-Glass solution holder 


* Supplied by Distillation Products Industries, Rochester 3 
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2to4 mi. of solution. Each glass holder consisted of 
a watch glass to which a piece of glass tubing, sealed 
at one end, was heat-fused with simultaneous vacuum 
suction. The holders were suspended on a wire rack 
in the constant temperature bath 

In investigating the effects of protoveratrine A, a 
population sample of 25 allium bulbs was used and 
randomized into 5 groups of 5 bulbs each. For this 
agent, the groups represented 4 different times of 
exposure to an acidified 0.025% solution and a con- 
trol group containing no protoveratrine 


RESULTS 


The effects of different concentrations of colchicine 
and different times of exposure on nuclear mitotic 
division are listed in Table I and the statistical anal- 
ysis of these data is shown in Table II. The anal- 
ysis indicated that colchicine treatment significantly 
decreased the number of mitotically dividing nuclei 
(F=5.18; P<0.01) Further, the individual fac- 
tors contributing to the total treatment effects (time, 
concentration, and interaction) all showed signifi- 
cant changes (ratios for the concentration and inter- 
action factors were highly significant ) 

In Table I, examination of individual means 
(MNDN) and group means (GM) indicates that for 
the concentration factor alone (upper portion), all 
colchicine concentrations employed in this study 
decreased the total number of dividing nuclei as 
represented by the GM values when compared with 
the GM obtained for the control. Except for the 
0.2% concentration, the GM values were signifi- 
cantly different than the control value. Except for 
to the 0.2° colchicine 
concentration, the MNDWN values for exposure times 


the twelve-hour exposure 


of nine and twelve hours decreased as the concentra- 
increased (P?<0.05 for the nine- 
twelve-hour to 04° and 0.8% 
colchicine). Also, for the colchicine concentrations 
of 0.46, and 0.8°), MNDWN values decreased as the 
time of exposure was increased from three to twelve 
hours. There was little effect produced on MNDN 
values either by increasing the colchicine concentra- 


tion of colchicine 


and exposures 


tion for the three- and six-hour exposure times or by 
increasing the time of exposure at colchicine con- 
centrations of 0.1°) and 0.2% 

With time as the major variable (Table I, lower 
portion), MNDWN values indicate more clearly that 
for exposure times of nine and twelve hours, a de- 
crease in the number of dividing nuclei resulted as 
the concentration of colchicine was increased A 
comparison of the differences between group means 
for the six-hour time exposure and any of the other 
times by the “Student’’ ¢ test indicated that the 
differences were significant. The high GM value for 
the six-hour exposure time (3.55°7)) was primarily due 
to the high individual MNDN value of db- 
tained for the 0.8°% colchicine concentration (also 
see Fig. 2, six-hour exposure time). Since this 
value failed to follow the general trend established 
for the other concentrations and exposure times, an 
additional experiment on roots exposed to 0.8%, 
colchicine for a six-hour time period was indicated. 
Results obtained from an additional 20 allium bulbs 
showed the MNDN to be 3.2%; therefore, the 5.3%; 
value obtained in the original experiment was as- 
sumed to be aberrant and for further graphical 
purposes (Fig. 2) the 3.2% value was used 
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Control 0.1 
Time, hr 3 6 12 3 6 
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* Mean number of dividing nuclei + Group means 
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Nature of Variation Freedom Sum of Squares Mean Square F Ratio 
Between treatments 19 50S 31 26.753 5.18" 
Different levels of concentration 4 235 .29 58 82: 11.37" 
Different levels of time 3 14.80 14.933 2 90 
Interaction 12 228 . 22 19.018 3.68" 
Error 80 $13.73 5.172 
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TABLE Ill EFFECTS OF VERILOID ON NUCLEAR DIVISION IN Roorts 


roups, Concentration 
0.2° 


GM,” % 5.35 6.10 6.58 6.80 6.70 
Main Groups, Time 
Control 6 hr hr 12 hr 
Veriloid 
01 02 O8 01 02 O04 O8 01 02 O04 O8 01 02 O8 


MNDN,* 
GM; 5.35 5.98 


» Mean number of dividing nuclei + Group means 


IV.—ANALYSIS OF VARIANCE® OF VERILOU 


Adjustment for Mean 
Degrees of 
Freedom Su 


19 239 


Nature of Variation 


Between treatments 
Different levels of concentra 


tion 4 
Different levels of time 3 
Interaction 12 

Error 80 410 


Total ag 649 


Transformation of data to angles 6 eP <0 


The effects of different concentrations of Veriloid 
and different times of exposure on nuclear mitotic 
division are listed in Table III and the st atistical 
analysis of these data is shown in Table I\ rhe 
analysis indicated that, in contrast to the colchicine 
effects, Veriloid treatment significantly increased 
the number of mitotically dividing nuclei ( F=2.46; 


5.08 


Alkavervir (Veriloid) reference standard 


EFFECTS ON NUCLEAR DIvIsSION IN Attium Roots 


20899 907 
Experimental 


m of Squares Mean Square FP Ratio 
309 12.595 2. 46? 
2.854 2.09 
113. 166 7.36 
83.289 1.35 
198 5.128 
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P<001). Further, of the individual factors con- 
tributing to the total treatment effects, only the time 
factor indicated a significant change (F=7.36; 
P<O0.01 Therefore, although the effects of both 
concentration and time were important for Achicine 
produced changes, the length of time in which 
roots were exposed to Veriloid appeared to be of 
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ABNORMA. ME TAPHASES 


TOTAL~ ANAPHASES AND TELOPHASES COMBINED 


NUMBER OF DIVIDING NUCLEI 


— 
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Fig. 2.—Effects of colchicine and Veriloid on nu- 
clear division in Allium roots. (a), Hours of expo- 
sure; —, colchicine ; Veriloid. 


greater importance to nuclear mitotic division than 
were the concentrations employed 

Examination of the means in Table III indicates 
that for the concentration factor alone (upper por- 
tion) Veriloid, as employed in this study, had no 
significant effect on the total number of dividing 
nuclei when GM values were compared with the 
value obtained for the control 

With time as the major variable (Table III, lower 
portion), MNDN values indicate a general increase 
as the Veriloid concentrations are raised (P<0.01) 
The difference between GM values for the three- 
hour and twelve-hour exposure times, 5.98% and 
7.45%, respectively, was significant (?<0.05) 
Further, the most marked increase in the total num- 
ber of dividing nuclei occurred between the six- 
and nine-hour exposure times and the difference 
between these GM's was highly significant (?<0.01). 

Figure 2 shows graphically the effects of colchicine 
and Veriloid on nuclear mitotic division in allium 
roots for three of the four exposure times studied; 
three, six, and nine hours. Effects produced by the 
twelve-hour exposure period were similar to the 
other exposure times and for purposes of simplifica- 
tion, they are not depicted. In general, the total 
number of dividing nuclei (upper graph) decreases 
with increasing concentrations of colchicine whereas 
for Veriloid, the dividing nuclei remained relatively 
unaffected (a slight but insignificant increase was the 
overall effect). The decrease in the total number of 
dividing nuclei at the concentrations of colchicine 
studied indicated that the agent was inhibitory at 
and above concentrations of 0.1%. Typical c 
mitotic effects were produced by the colchicine. At 


the three-hour exposure time, the number of 
abnormal metaphases (middle graph) was observed 
to increase with each increase in colchicine concen- 
tration. Maximum effects were observed to occur 
at the three-hour exposure to 0.8% colchicine and at 
the six-hour exposure to 0.2% colchicine. At the 
three-hour exposure time to 0.8% colchicine, 1.4% 
of the total 2.5°% of dividing nuclei showed abnormal 
metaphases (56% of the total number of dividing 
nuclei observed). For Veriloid, the “piling up” 
effect at metaphase, as noted with colchicine, was 
not observed 

In the course of investigating the effects of pro- 
toveratrine A on nuclear mitotic division, it became 
apparent that the changes produced were very nearly 
the same as those observed for Veriloid. For this 
reason, the investigation of protoveratrine A was not 
as extensive as it was for colchicine and Veriloid. The 
effects of different exposure times to 0.025% pro- 
toveratrine A on nuclear mitotic division are shown 
graphically in Fig. 3. The total number of dividing 
nuclei remained relatively unaltered by different 
times of exposure to the protoveratrine A. A slight 
but insignificant (P>0.05) increase over that ob- 
served for the control value may be the overall effect 
produced. The number of abnormal metaphases in- 
creased considerably for different times of exposure. 
At the six-hour exposure time, 1% of the observed 
nuclei showed abnormal metaphases in the same 
manner seen in the Veriloid study. Therefore, treat- 
ment of the allium roots with protoveratrine A pro- 
duced mitotic nuclear changes although the number 
of mitotic dividing nuclei remained relatively un- 
affected 
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Fig. 3.—Effects of protoveratrine A on nuclear di- 


vision in Allium roots. Total, dividing nuclei; 
total, anaphases and telophases combined; 
total, abnormal metaphases. 


DISCUSSION 


Colchicine, Veriloid, and protoveratrine A all 
produced polyploidy in allium roots, although, in 
general, the effects were much more pronounced 
after colchicine treatment. A comparison of the 
effects produced by the veratrum derivatives ou nu- 
clear mitotic division with those observed for 
colchicine revealed many interesting similarities and 
differences. The equatorial plate was completely 
absent in the colchicine-treated root tips, whereas 
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approximately 60°, of all metaphases observed in the 
veratrum-treated root tips showed chromosomes in 
regular alignment in the equatorial region It was 
impossible to differentiate between the two veratrum 
agents employed solely on the basis of the observable 
chromosome characteristics; however, the chromo 
somes of the veratrum-treated cells differed markedly 
from those treated with colchicine. Veratrum m 
duced “sticky” or angled chromosomes and anaphase 
bridges were very prominent 

Colchicine treatment decreased significantly (P 

0.05) the overall number of dividing nuclei m 
cells, irrespective of concentration OT time of ex- 
posure. Because this agent induces metaphasic 
arrest and yet has no effect on stopping initial 
mitotic activity, it probably indicates that the 
concentrations employed were too high to produce 
an optimum mitotk effect The most marked differ 
ences between colchicine und the veratrum agents 
were noted with the anaphase and telophase stages 
(lower graph, Fig Colchicine treatment caused 
a great reduction, and sometimes a complete absence, 
of the number of anaphases and telophases. On the 
other hand, many anaphases and telophases were to 
be observed after treatment with the veratrums 

Thus, it appears that alk vloidal agents (mixtures 
or crystalline) from Veratrum viride Ait. and/ or 
Veratrum album L. having structural similarities to 
alkaloids obtained from sabadilla seeds (Schoeno- 
caulon officinale A. Gray ), may produce polyploidy in 
roots of Allium cepa by an action similar to that of 
veratrine (10 This action is markedly different 
and apparently inferior to that seen in colchicine 
treated roots and suggests that the derivatives of 
veratrum do not exert their effects specite ally on the 
mitotic apparatus per se as does colchicine, but poss! 
bly act by some modification of cytoplasmic function 


SUMMARY 


An attempt has been made to determine 
whether some purified alkaloidal mixtures oF 
crystalline alkaloids of veratrum possess the 
ability to modify the cycle of nuclear and cellular 
division, and to determine how such activity 
compares in kind and degree to that already es 
tablished for colchicine. Root growth, prepara 
tion, and cell observations were accomplished by 
standard techniques. The per cent of cells in the 
process of nuclear division at the time of observa 


tion was calculated and results were subjected 


to statistical analysis. Drugs were tested in con 
centrations of 0.025 to 0.8 per cent for pre 
determined time periods varying from three to 
twelve hours. Typical colchicine mitotic (c 
mitotic) effects were produced with all cc iIchicine 
concentrations employed. Successful inhibition 
of the the spindle apparatus was achieved and 
Both Veriloid 


and protoveratrine A produced frequent chromo 


polyploid cells were prominent 


somal aberrations although their appearance sug 
gested a markedly different mode of action than 
that observed with colchicine Polyploid cells 
were noted and the effects on nuclear mitotic 
division were similar to those produced by vera 
trine. an alkaloidal mixture whose constituents 
are structurally similar to those of the Veriloid 
and protoverairine A employ ed in this study 
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The Effect of Anticholinergic Compounds on 
Several Components of Gastric Secretion 
in Pylorus-Ligated Rats” 


By MORTON E. GOLDBERG? and G. VICTOR ROSSI 


A study was made of the effect of seven anticholinergic compounds: atropine, 
oxyphenonium (Antrenyl), proepantheline (Pro-Ban- 


thine), tridihexethide (Pathilon), a-(p-dimethylaminocyclohexyl)benzhydrol sali- 
cylate (SCH 3085), and 1-methyl-4-piperidy! benzilate methobromide (SCH 3444), 
on various factors which have been cited as bearing a relationship to peptic ulcer 
(gastric fluid volume, acidity, proteolytic activity, lysozyme activity, and mucin 


content of gastric secretion, and uropepsin activity). 


The levels of these several 


components were contrasted in four-hour (“normal”) and fifteen-hour (ulcerated) 


pylorus-ligated rats. 


Equipotent antisecretory doses of the anticholinergic — 
e 


significantly reduced the proteolytic activity and free acidity, and increased t 
lysozyme activity and mucin content per ml. of gastric fluid, but did not alter uro- 


pepsin activity in four-hour ligated rats. 
were obtained in ulcerated (fifteen-hour) animals. 


N° RECOGNIZED single concept satisfactorily 
explains the development of peptic ulcer 
In addition to nervous and psychic influences, 
which are believed to play a major role, muscle 
spasm, ischemia, mechanical irritation, decreased 
tissue resistance, and abnormal levels of the con 
stituents of gastric secretion have been proposed 
as factors which contribute to erosion of the 
mucosa and propagation of the ulcer 
Hydrochloric acid and pepsin have frequently 
been implicated as agents involved in the forma- 
tion and maintenance of chronic peptic ulcer 
Thus, drugs which possess antisecretory or anti 
pepsin effects, or both, are regarded as major 
adjuncts in the treatment of this condition. In 
addition, abnormal levels of lysozyme (1, 2) and 
uropepsin (3, 4) activity have been considered of 
diagnostic or pathognomonic importance in pep 
tic ulcer 
In this study an attempt was made to correlate 
certain biochemical components, present in gas 
tric juice or urine, which have been considered 
as bearing a relationship to the etiology 
tic ulcer 


of pep 
The investigation basically included a 
determination of the effects of several anticho 
linergic compounds upon the following factors of 
the gastric juice of pylorus-ligated rats 
acidity, proteolytic activity, 
and mucin content. 


volume, 
lysozyme activity, 
In addition, the excretory 
rate of the urinary proteolytic enzyme, commonly 
referred to as uropepsin, was determined. 
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Comparable, but less consistent results 


Five commercially available anticholinergics: 


atropine, diphenmethanil, 
pantheline tridihexethide, 


cr ym pc yunds 


oxyphenonium, pro- 
and two experimental 
a-(p-dimethylaminocyclohexyl)- 
benzhydrol salicylate (SCH 3085),' and 1-methyl- 
4-piperidyl benzilate methobromide (SCH 3444), 
were utilized in this evaluation 


EXPERIMENTAL 


Animals and Experimental Design.— Male albino 
Sherman rats (Scott Farms), maintained on Rock- 
land complete rat pellets and water, ad libitum, 
and housed in temperature and humidity controlled 
quarters, were used throughout these studies. 
Prior to ligation of the pylorus, all animals were 
fasted for forty-eight hours but permitted free 
access to water. During the fasting and experi- 
mental periods, the animals were kept in individual 
metabolism cages designed to minimize coprophagy 
and avoid contamination of urine with fecal matter 
Only those animals weighing between 185 and 215 
Gm. after fasting were utilized 

The technique employed for collection of gastric 
fluid was essentially that described by Shay (5). 
The data for “normal’’ animals presented in this 
report are based on values obtained with the four- 
hour pylorus-ligated rat. According to Shay (5), 
evidence of ulceration was observed only once in a 
series of 300 four-hour pylorus-ligated rats. In 
this study of more than 700 similar preparations, 
gastric ulceration was never observed; therefore, 
for the purpose of this report, the term “normal” 
appears justified. 

Extension of the ligation period results in ulcera- 
tion of the stomach and the degree of ulceration is 
related to the duration of the ligation period. 
Prolonged ligation ultimately results in perforation 
of the stomach and death of the animal. The 
data for ‘“ulcerated"’ animals given in this report 
are based on values obtained with the fifteen-hour 
pylorus-ligated rat. This interval was selected on 


' Generously supplied by Schering Corp., Bloomfield, 
N.J 
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the basis of preliminary experiments which indicated 
that periods of than fifteen hours were not 
uniformly associated with ulcer formation, whereas 
ligation for longer intervals resulted in excessive 
incidence of perforated ulcers, with consequent loss 
of gastric fluid 

Following sacrifice of the animals the esophagus 
was grossly examined for evidence of ulceration, the 
stomach was incised and its contents collected in a 
graduated centrifuge tube. The mucosal 
of the removed from fifteen-hour 
ligated rat was examined with the aid of a stereo 
scopic (wide-field binocular) microscope equipped 
with an micrometer. The “degree of 
ulceration” estimated by a modification of 
the characterization suggested by Keyrilainen and 
Passonen (6), an evaluation which takes into 
consideration both the number and size of the 
ulcers. This system is outlined in Table I 


less 


surface 


stomach each 


eyepiece 


was 


TABLE I ULCER SCORING SYSTEM 


Numerical 
Rating 
0 ( 
1 Hemorrhagic 
2 Less than 4 


Descriptive 
Rating 
Normal 
Irritation 
Minimal 
tion 
Moderate 
tion 
Moderately severe 
ulceration 
Severe ulceration 
Very severe ul 
ceration 


Uleer Scoree 


ulcera 


tto9 ulcera- 


6 10 to 19 


“8S 20 to 39 
10 More than 39 or 
perforated 
Ulcer score total number of ulcers 


phageal) total length of all ulcers in mm 
sion of each ulcer 


gastric and eso 
greatest dimen 


A study ‘vas undertaken to determine the relative 
activity of the seven anticholinergic compounds 
utilized in this investigation on the basis of reduction 
of the volume of gastric secretion rhe intention 
was to establish antisecretory 
of these compounds in order that one of the factors 
being considered (i. e., volume of gastric secretion 
would remain relatively stable throughout the 
investigation The average volume of gastric 
fluid collected from four-hour pylorus-ligated rats 
following administration of several different doses 
of the drugs 
compared to the average volume secreted by control 
animals which received an injection of a comparable 
volume of 


equipotent” doses 


of each seven anticholinergic was 


All of the compounds 
utilized were dissolved in equal volumes of physio 
logical and 
mediately after 


saline solution 


saline subcutaneously im 
ligation of the rhe 
slope of each curve indicate|d a 
linearity in response lack of parallelism 
among the various agents studied The calculated 
equipotent doses (Table II), which were used in all 
subsequent studies, resulted in a volume of gastric 


injec ted 
pylorus 
dose response 


and no 


secretion equivalent to 37-309°% of the control vol 
ume 
considered 


It should be noted that these doses may be 
“equipotent” under the condi 
tions of this investigation (i. e., four-hour pylorus 
ligated rats of specified sex, weight, strain, etc 
Analytical Procedures.—<Acidity of the gastric 
samples was determined by titration with 0.02 N 
sodium hydroxide, using dimethylaminoazobenzene 


only 
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TABLE I1.——-APPROXIMATE 

ANTICHOLINERGIC DruGcs BASED ON VOLUME OF 

GASTRIC SECRETION IN Four-Hovur Py.Lorus 
LIGATED Rats 


EQUIPOTENT Doses OF 


Volume of 

Gastric 

Number of Secretion 
Animals ml. + 5S. D 


Dose 
Compound mg 
Control 
saline ) 7 
\tropine 10 3: 
Oxyphenonium 1 : 2. 25 35 
Tridihexethide 1 18 
Diphenmethanil 
15 
Propantheline 0 
SCH 3085 2.0 


5.85 + 


SCH 3444 1.0 


(Topfer’s reagent) and phenolphthalein as indicators 
for free and total titratable acidity, respectively. 
Measurements of pH were made with a 
pH meter 


Beckman 


The method of proteolytic analysis employed in 
this study has 
It represents an 


previously (7) 
adaptation of Wesselman’s (8) 
modification of the Anson and Mirsky (9) procedure, 
which essentially consists of quantitative proteolytic 
digestion of hemoglobin by pepsin. Results are 
expressed in milligrams equivalent to N. F. X 
Reference Pepsin 

Lysozyme activity was measured by a method 
previously described (10) which represents a mod 
ification of the bacteriolytic 
dures of Lobstein and Fogelson (11) and Smolelis 
and Hartsell (12 Employing crystalline lyso 
zyme? from egg white as a provisional standard, 
results are obtained in micrograms of lysozyme 

Uropepsin determinations were performed by a 
method based upon the procedure of West, et al 
(13) The technique the 
precipitation of casein a sample of 
activated urine the enzyme. Results 
were calculated according to the procedure of 
Hollander (14) and are expressed in units of uro 
pepsin excreted per hour; one unit of activity being 
equivalent to 0.26 meg. of crystallized 
(Armour) (15) 

A colorimetric procedure for the determination of 
gastric mucin was adapted from the method of 
Glass, et al. (16, 17). Gastric samples were frac 
tionated into three components, each with chromo 
genic activity. Gastric mucin is observed in both 
solid (“mucoid”) and liquid (“mucoprotein” and 
Results 
are expressed as ming. of mucin in each fraction or in 
the entire sample 


been described 


turbidometric proce 


consists ol 


particles by 


basically 


containing 


pepsin 


“mucoproteose”’) fractions of gastric juice 


RESULTS AND DISCUSSION 


Four-Hour Pylorus-Ligated Rat Study. Deter 
mination of “equipotent” antisecretory doses in the 
four-hour pylorus-ligated rat indicated that, on a 
weight differences in anti- 
among the seven anti 
evaluated (Table _ II) 
components of gastric 
secretion collected from pylorus-ligated rats four 


hours after administration of approximately equi 


basis, considerable 


secretory potency existed 
cholinergic compounds 


Measurement of several 


? Kindly supplied by Armour Laboratories, Chicago, Il! 
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potent antisecretory doses revealed a considerable 
specificity of action among the limited series of 
anticholinergic drugs employed in regard to the 
factors (gastric fluid volume, acidity, proteolytic 
activity, lysozyme activity, mucin content, and 
uropepsin activity ) investigated 

In doses which uniformly reduced the volume of 
gastric fluid secreted during a four-hour period in 
pylorus-ligated rats to 37 to 39% of the control 
volume (i. e., approximate equipotent doses), all 
of the anticholinergic agents studied, with the 
exception of propantheline, significantly reduced 
proteolytic activity Figure 1 indicates the mean 
proteolytic activity of gastric samples collected 
from anticholinergic treated rats in terms of per 
cent of the control value (i. e., data obtained 
from saline treated rats) on a concentration (mg 
ml.) basis. It is evident that the per cent reduction 
in the total amount of enzyme present in the 
gastric secretion was considerably greater than that 
presented in Fig. 1, inasmuch as the volume of 
gastric fluid secreted during the experimental 
period was markedly inhibited 
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Fig. 1.—Proteolytic activity and lysozyme activ- 
ity in the four-hour pylorus-ligated rat. PB, 
propantheline; PA, tridihexethide; AT, atropine; 
S85, SCH 3085; PR, diphenmethanil; AN, oxy- 
phenonium; 544, SCH 3444 


The total lysozyme activity of the gastric juice 
collected from control rats (" 30) after a four 
hour period of ligation was found to be equivalent 
to 3.05 + 1.18 meg. of the enzyme. Administration 
of the anticholinergic compounds produced, in all 
cases, a significant reduction in the total content of 
lysozyme, but an elevation in the concentration of 
lysozyme in gastric fluid These increases were 
in the range of 145-225°% of normal levels of activity 
per ml. of gastric juice (Fig. 1 

Gastric fluid obtained from four-hour pylorus- 
ligated rats which were not treated with anti 
cholinergic drugs exhibited a pH of 1.35 + 0.25 
All seven anticholinergic compounds raised this 
value somewhat (average of pH 2.0), however, 
there were no obvious quantitative differences in 
this respect among the individual drugs. The 
anticholinergic drugs uniformly reduced the con- 
centration of free gastric acidity (Fig. 2) to approx- 
imately one-half of the control value, which corre- 
sponded to a decrease in free acidity in the entire 
gastric fluid volume to 15-20% of the control 
level 

None of the anticholinergic compounds signifi- 
cantly altered the uropepsin activity of urine col- 
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Fig. 2.—Free acidity, uropepsin activity, and total 
gastric mucin concentration in the four-hour pylorus- 
ligated rat. PB, propantheline; PA, tridihexethide; 
AT, atropine; $85,SCH 3085; PR, diphenmethanil; 
AN, oxyphenonium; S44, SCH 3444. 


lected during the four-hour study (Fig. 2). Clinical 
reports are contradictory in regard to the effect of 
such compounds on uropepsin levels (18, 19). 
The amount of pepsinogen which enters the plasma 
appears to remain relatively constant, even after 
the administration of drugs which markedly reduce 
gastric pepsin activity. It would appear that 
none of the drugs, in the doses used, have a marked 
inhibitory effect on the endocrine activity of the 
chief cells; rather they appear to preferentially 
inhibit the exocrine function of these cells 

Of the three drugs studied for their effect on 
gastric mucin levels; propantheline, diphenmethanil, 
and SCH 3444; the latter compound produced the 
greatest increase (approximately 60° greater 
than the control level) in the concentration of 
gastric mucin (Fig. 2). However, a marked de- 
crease was observed in the total amount of mucin 
secreted during the four-hour experimental period 
This biphasic effect on concentration and total 
secretion of mucin, probably related to the inhibition 
of gastric fluid volume, was similar to that observed 
in regard to lysozyme activity. It has been sug- 
gested that both gastric mucoid and lysozyme are 
derived from the surface epithelial cells of the 
gastric mucosa, therefore it is conceivable that 
changes in the level of one of these components 
would be reflected by similar changes in the con- 
centration of the other 

Within the series of anticholinergic drugs studied, 
a positive correlation was found to exist between the 
reduction of free acidity and the decrease in prote- 
olytic activity of the gastric juice obtained from 
four-hour pylorus-ligated rats. An inverse relation- 
ship was observed between the effects of the anti- 
cholinergic agents on the proteolytic and lysozyme 
concentrations of gastric secretion. Lysozyme 
titer was found to be elevated to the greatest extent 
by those drugs which produced the greatest de- 
creases in proteolytic activity. These effects 
appear to be partly attributable to the level of 
gastric acidity; a decrease in acidity being associated 
with a decrease in peptic activity (optimum pH 
1.5-2.2) and a concomitant increase in lysozyme 
activity (optimum pH approximately 6). 

Fifteen-Hour Pylorus-Ligated Rat Study.—All 
animals in this study were grouped into one of seven 
“ulcer classes” on the basis of ulcer score (Table I) 
Results of the analyses of the several components of 
gastric secretion (fluid volume, acidity, proteolytic 
activity, lysozyme activity, mucin content) were 
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evaluated on the basis of both drug treatment and 
severity of ulceration 

Doses of the seven anticholinergic drugs which 
produced approximately the same degree of inhibi- 
tion of gastric secretion in the four-hour ligated 
rat were not “equipotent” in the fifteen-hour 
ligated animal, due largely to differences in duration 
of activity Marked differences in the extent of 
protection provided against ulceration of these 
drugs were also noted (Table III). Although the 
lowest mean ulcer score was associated with the ex- 
perimental group having the least gastric fluid 
volume and the highest ulcer scores were associated 
with groups evidencing the greatest volumes of 
gastric secretion, there was an inconsistent relation 
ship among the remaining drug treated groups in 
regard to gastric fluid volume and severity of 
ulceration. However, if results are considered on 
the basis of ulcer response, without regard to 
drug treatment, there appears to be positive 
correlation between gastric fluid volume and the 
degree of ulceration produced by the experimental 


procedure employed in this study (Fig. 3) 


Tasie Ii! INHIBITION OF GASTRIC SECRETION 
AND ULCERATION BY ANTICHOLINERGIC DRUGS IN 
rHE FirTREN-Hour PyLorus-LiGATED Rat 


Volume of Gastric 


Dose, s. ¢ Secretion Uleer 
Compound mg./Kg n/N@ mi +S. D Score? 
Control 
(saline ) 95/30 13.57 + 1.67 6.9 
Atropine 10.0 10/10 10.53 + 1.87 3.4 
Oxyphe 
nonium 1.0 9/10 9.242+2.78 2.4 
Tridi 
hexethide 1.0 10/10 11.16 + 1.89 2.9 
Diphen 
methanil 15.0 10/10 420+ 1.08 0.0 
Pro 
pantheline 0.05 10/10 10.21 +2.32 1.6 
SCH 3085 2.0 9/10 13.23 + 1.96 4.5 
SCH 3444 1.0 10/10 8.58 1.49 1.9 


@ Number of nonperforated animals total number of 
animals employed > Refer to Table I 


The effect of the anticholinergic agents on prote 
olytic activity was less evident in the fifteen-hour 
study than in the four-hour experiments Only three 
compounds (tridihexethide, SCH 3085, and SCH 
3444) significantly reduced proteolytic activity per 
unit volume of gastric secretion. Conceivably, the 
inhibitory effect of the anticholinergic drugs on 
peptic activity may terminate before their inhibitory 
influence on gastric fluid secretion. On the basis of 
grouped ulcer score, 4 definite correlation was 
demonstrated between the total proteolytic activity 
of the gastric fluid and severity of ulceration (Fig 
3). Again, the significantly greater fluid volume 
exhibited by the high ulcer score groups contributed 
markedly to this quantitative difference 

Considerable variation in the lysozyme concen 
tration of gastric fluid was observed among the 
anticholinergic treated groups in the fifteen-hour 
study In general, lower lev els of lysozyme activity 
were found in ulcerated than in nonulce rated animals 
but no consistent relationship could be demonstrated 
between lysozyme concentration and severity of ul 
ceration (Fig. 3) 

The highest free acid concentrations were found 
in the secretions of those stomachs exhibiting 


546 JOURNAL OF THE AMERICAN PHARMACEUTICAL ASSOCIATION 


Vol. 49, No. 8 


vouwe 
activity we 
a 


scomt 


Fig. 3.—Comparison of gastric fluid volume, 
proteolytic activity, and lysozyme activity in the 
fifteen-hour pylorus-ligated rat on the basis of 
“leer score” (see Table 1) 


cn. 


“cee scone 
Fig. 4—Comparison of free acidity, uropepsin 
activity, and total gastric mucin concentration in 
the fifteen-hour pylorus-ligated rat on the basis of 
“ulcer score” (see Table I) 


moderate ulceration, whereas lower acid concen 
trations were associated with both lower and 
higher ulcer scores (Fig. 4) It is probable that 
neutralization of gastric acid by blood and tissue 
debris at the sites of ulceration may have been partly 
responsible for the reduced acid concentration 
observed ia the severely ulcerated animals 

As was noted in the results of the four hour 
experiments, the seven ; nticholinergic drugs in the 
doses used, did not significantly alter the uropepsin 
activity of urine secreted during a fifteen-hour peri ud 
of pylorus ligation, Furthermore, no relationship 
was observed between the degree of gastric ulcera 
tion produced by this technique and the levels of 
uropepsin activity (Fig 4) 

Prolongation of the period of pylorus ligation 
from four to fifteen hours resulted in an average 
increase of 70% in the gastric mucin concentration of 
control (saline-treated) animals as contrasted to an 
average increase of only 25°, in the antich slinergic 
treated groups. Since a large percentage of the 
increase in mucin concentration was due to elevated 
mucoprotein levels, it is not improbable that the 
increased amounts of gastric fluid associated with 
the extended period of ligation may have “washed 
out” preformed, but as yet nonsecreted, muco 
protein from the mucous neck cells. The highest 
mucin concentration was associated with the 
group evidencing minimal mucosal damage (“0” 
score). As the degree of ulceration increased, a 
decrease in mucin concentration was observed 
(Fig. 4). However, increases in the severity ot 
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ulceration were accompanied by progressive in 


creases in total mucin content of the gastric samples, 
apparently related to the higher average fluid vol- 
umes characteristically found in the more severely 
ulcerated animals 


REFERENCES 


1) Meyer, K., Prudden, J. F., Lehman, W. I 
Steinberg, A., Proc. Soc. Exptl. Biol. Med., 65, 220(1947) 
2) Meyer, K Prudden, |. F Lehman, W. L 
Steinberg, A.. Am. J. Med., 5, 482(1948) 
3) Janowitz, H. D., Levy, M. H., and Hollander, 
Med. Sci., 220, 679(1950) 
Bucher, G. R., Gastroenterology, 8, 627(1947) 
5) Shay, H., Sun, D. C. H., and Gruenstein, M., ibdid., 
26, 906(1954) 
6) Keyrilainen, T ©. and 
Pharmacol. T oxicol., 13, 22(1957 
7) Goldberg, M. E., and Rossi, G. V., Am. J. Pharm, 
128, 263(1956) 


Passonen, M. K., Acta 


SCIENTIFIC 


EDITION 547 

(8) Wesselman, H. J., Journar, 45, 387(1956) 

(9) Anson, M. L., and Mirsky, A. E., J. Gen. Physiol., 
16, 59(1932) 

(10) Goldberg, M. E V., Am. J. Pharm., 
130, 78(1958) 

(11) Lebstein, O. E and Fogelson, S. J., 
Vorthwestern Univ. Med. School, 25, 89(1951) 

12) Smolelis, A. N., and Hartsell, S. E., 
58, 731(1949) 

13) West, P. M., Ellis, F. W 
Clin. Med., 39, 159(1952) 

(14) Hollander, F., Gastroenterology, 33, 659(1957) 

15) Rider, J. A., Moeller, H. C., Gibbs, J. O., Swader, J., 
Agcaoili, L. F., Deroin, J., Clark, I., and Anderegg, A., 
Scientific Exhibit, Booth 808, New York Meeting, American 
Medical Association, June 3, 1957 

(16) Glass, G. B. J., Arch. maladies App. digest. et maladies 
nutrition, 20, 1017(1938) 

(17) Glass, G. B. J., and Boyd, I 
835(1949) 

(18) Silver, H. M., Pucel, H 
J. Med., 282, 520( 1955) 

(19) Corazza, L. J 
Assoc. 4165, 146(1957) 


and Rossi, G 
Quart. Bull 
J. Bacteriol, 


, and Scott, B. L., J. Lab 


Gastroenterology, 12, 


and Almy, T. P., New Engl. 


and Myerson, R. M., J. Am. Med 


Antithixotropic Behavior of Magnesia Magma* 


By CLIFFORD W. CHONG, STUART P. ERIKSEN, and JOSEPH V. SWINTOSKY 


An unusual rheological behavior which involves a sol-gel transformation during 
measurement in a rotational viscometer, and a spontaneous return to a sol state on 
standing, has been observed in magnesia magma U. S. P. The phenomenon is the 


reverse of thixotropy. 
rheological behavior. 


Thus, the term “antithixotropy” perhaps best describes this 
This unique, seldom-encountered flow property was de- 


tected at shear rates of approximately 30 reciprocal seconds and greater, using a 
Drage rotating bob rheometer, and later confirmed with a modified Stormer vis- 


cometer. 


At rates of shear less than 30 reciprocal seconds, the material exhibited 


pseudoplastic low. Rheograms of the data suggest that the increase in consistency 
during shear is due primarily to an increase in the apparent yield value with no 
significant change in the slopes of the flow curves. The result is a system which has 
good suspending characteristics, and one which, at the same time, is easily pour- 


able. 


Equations analogous to those used for thixotropic and pseudoplastic flows are 


presented to describe the rate at which the resistance to flow increases with duration 
of shear, and the rate of decrease in the apparent viscosity with increasing rates of 


shear. 


T= PAPER reports the unique rheological be 
havior of magnesia magma U.S. P. Magnesia 
magma thickens when subjected to shear; on 
standing, it returns to a fluid state. Flow be- 
havior of this type has been reported by other 
and has been 


investigators (1-5) designated 


“antithixotropy” (4) or “negative thixotropy” 
(2). Antithixotropy, heretofore found only in 
fluid polymer and pigment systems, has not been 
previously reported in pharmaceutical systems. 

The purpose of this study was to characterize 
the antithixotropic behavior of magnesia magma 
in terms of parameters similar to those used to 
describe thixotropic and pseudoplastic flows 

* Received August 21, 1959, from the Research and De 
velopment Division of Smith Kline and French Laboratories 
Philadelphia 1, Pa 


Presented to the Scientific Section, A. Pu. A 
meeting, August 1959 


Cincinnati 


A description of the Drage Viscostructure rheometer is also presented. 


EXPERIMENTAL 


Apparatus.—The Drage Viscostructure rheometer 
and a modified Stormer viscometer were used in 
this study. The Drage rheometer, a fairly recent 
development, operates on the rotating bob-precision 
spring principle. It is capable of yielding data in 
fundamental units. The instrument consists 
essentially of a freely suspended synchronous motor, 
a calibrated precision spring, and four sets of meas- 
uring cups and bobs. The motor drives the meas- 
uring bob which hangs concentrically in the sta- 
tionary measuring cup. The test fluid is placed in 
the annulus between the cup and bob, and exerts 
a frictional force when the bob is rotated. This force 
causes the motor to be twisted backwards against 
the calibrated precision spring until the resistance 
encountered by the bob is the same as the counter- 
force which results from the tension of the spring 
The degrees through which the motor is turned are 
indicated on a dial, and are proportional to the fric- 
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tional resistance exerted by the liquid on the bob. 
The instrument is capable of nine different speeds 
through the use of mechanical (gear ratio) and elec- 
trical (frequency modulation) changes. The rates 
of shear range from 4 to 1,600 reciprocal seconds, 
depending upon the cup and bob used. 

The Stormer viscometer was modified only to the 
extent of making a new cup and bob. The cup had 
a diameter of 3.18 cm. and was 5.45 cm. in height, 
while the bob was 2.54 cm. in diameter and 3.90 cm 
in height 

Materials.— Magnesia magma U. S. P. was stud- 
ied Samples prepared in our laboratory were 
made by (a) the U. S. P. X method! and (+) diluting 
a 30° Hydro-Magma?® of magnesium hydroxide to 
7.5% to conform to U. S. P. specifications. Com 
merical samples of magnesia magma, aluminum 
hydroxide gel U. S. P., and bismuth magma N. F 
were also tested, the latter two for comparison 
only 

Preparation and Prehandling of Test Samples. 
The test samples were prepared by placing the thor 
oughly mixed magma in round 120-ml. wide-mouth 
bottles. The bottles were capped and the samples 
were stored at room temperature for seven days 
It was found that rheograms made daily showed no 
further change after the sixth day of storage, indi 
cating that the magma had attained structural 
equilibrium in this time 

Immediately before measurement on the viscom 
eter, each bottle of magma was placed tangentially 
on a horizontally rotating shaft (1-in. diameter), and 
turned end over end at 44 r. p. m. for exactly one 
minute. The magma was then transferred to the 
Drage measuring cup. The measuring bob was 
gently inserted, and the assembly placed in position 
on the Drage instrument, in a thermostatically con 
trolled water bath set at 25° +02 The vis 
cometer was turned on after exactly fifteen minutes 
Lad elapsed from the time the magma was first agi- 
tated on the rotating mixer 


Rheological Measurements With the 
Drage Rheometer 


The Antithixotropic Rheogram.— The general 
scheme for obtaining the data for the antithixotropic 
rheogram was to apply increasing rates of shear up 
to maximum value, followed by decreasing rates of 
shear. The time of shear at each shear rate was 
held constant while making both the up- and down- 
curves, i.e., the total time allowed for decreasing 
the rate of shear from the maximum shear rate was 
the same as the time used to increase it to this point 

The Effect of Time at Constant Shear.—Six sep- 
arate samples were run in related manners, the only 
difference being the duration of shear at a constant 
initial rate of shear. The procedure is best visual 
ized by reference to Fig. 2. The measurement of 
each sample was started at shear rate Dg which, in 
this case, was selected as the constant initial rate 
of shear. Sample 1 was sheared at rate D, for 
fifteen seconds, then at rate D» for fifteen seconds, 
and finally at rate D-, for fifteen seconds, yielding the 
shearing stresses and ¢, respectively. Sample 


! This method is also described in Remington's Practice of 
Pharmacy, lith ed., Mack Publishing Co., Easton, Pa., p 
488 

* Produced by Merck and Co., and distributed by Whit 
taker, Clark, and Daniels, Inc., New York 13, N. Y 
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2 was sheared an additional fifteen seconds at rate D, 
or a total of thirty seconds, then at rates Dp and D, 
in fifteen-second intervals. For each succeeding 
sample, the duration of shear at rate Dg was in- 
creased fifteen seconds beyond that of the previous 
sample before obtaining the shearing stress points of 
the upcurve at rates D,) and D 

Shear rates D,, Dy, and D; shown in Fig. 2 corre- 
sponded to values of 344, 515, and 688 reciprocal 
seconds, respectively Initial rates of shear ranging 
from 9.1 to 515 reciprocal seconds were employed 
in other measurements 

The Effect of Shear at Constant Time.—The up 
curves of the rheograms for five magnesia magma 
samples were obtained as described above in ‘The 
Antithixotropic Rheogram.”’ For each succeeding 
sample, the duration of shear at each shear rate was 
increased by fifteen seconds. Thus, the first curve 
was made using fifteen seconds at each shear rate, 
the second using thirty seconds, ete 


Rheological Measurements with the Stormer 
Viscometer 


The Antithixotropic Rheogram.—-In making the 
upcurve with the Stormer viscometer, the sample 
was first slreared with a net force of 26.4 Gm. and 
the time for 100 revolutions of the bob was recorded 
A 2-Gm. weight was immediately added to the weight 
pan and the same sample was once more subjected 
to shear under this increased force. The procedure 
was repeated until, in addition to the 26.4 Gm., 14 
Gm. had been added in 2-Gm. increments. Im- 
mediately after the final measurement of the up 
curve, the procedure was reversed to form the down 
curve, i.e., 2 Gm. was removed from the weight pan 
after each 100 revolutions of the bob. As a result, 
shear rate values were obtained at corresponding 
shearing stresses on both the up- and downcurves 

The Effect of Time at Constant Shear.-- The 
sample was sheared with a net force of 25.4 Gm., 
and the time for 100 revolutions of the bob meas- 
ured. The measurement was repeated several times 
using the same sample and the same shearing force 
until no further change in the time for 100 revolu 
tions was noted. 


RESULTS AND DISCUSSION 


The unique characteristic of magnesia magma is 
its reaction to shear. A pronounced increase in 
consistency may be induced by subjecting the mate 
rial to a constant rate of shear greater than thirty 
reciprocal seconds. The degree of thickening de- 
pends upon the duration of shear, and, also, upon 
the magnitude of the stress applied. When sheared 
alternately with increasing followed by decreasing 
rates of shear, the material continues to thicken, but 
at a decreasing rate, until an equilibrium is reached 
(Fig. 1). At this stage the system is pseudoplastic, 
and is characterized by a high apparent yield value 
Note, however, that the slope at any point along the 
pseudoplastic flow curve is practically the same as 
the slopes of the preceding upcurves at the corre 
sponding rates of shear. On standing, the material 
spontaneously returns to a sol state characteristic 
of its structure prior to shearing 

Since the flow curves for magnesia magma were 
dependent upon both duration and rate of shear, it 
was desirable to use a standard procedure for pre- 
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Fig. 1.—-Rheograms showing the effect of repeated 
rheological measurements on magnesia magma 
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Fig. 2.—Rheograms showing the effect of duration 
of shear on magnesia magma at a constant rate of 
shear (Da) 


paring and prehandling the test samples before the 
viscosity measurements were made. The data ob 
the proposed method were reproducible 
and comparable from one measurement to another 

The magnesium suspensions of this 
study gave rheograms of the type shown in the first 
cycle of Fig. 1. Several points of interest can be 
noted from an examination of the flow curve 

The upcurve is similar to the flow curve of a typical 
pseudoplastic substance 


tained by 


hydroxide 


As the rate of shear is 
raised, the increase in resistance to shear, r (6), per 
unit increase in the shear rate, D, approaches a con 
stant value. Consequently, the upper portion of the 
curve approaches a straight line asymptotically 
After the top rate of shear has been reached, the 
succeeding shearing stress measurements along the 
downcurve assume values larger than those on the 
upeurve at the corresponding rates of shear 

If, after the downcurve is completed, the rate of 
shear is promptly increased again, the pomts along 
the upeurve will be greater than those previously ob 
tained at the same shear rates. The points along 
the subsequent downcurve will be even larger than 
those found earlier. Successive up- and downcurves 


will yield larger and larger shearing stress values at 
each rate of shear. The rate of increase in shearing 
stress diminishes, however, until an equilibrium is 
established where both the up- and downcurves co- 
incide as shown in Fig. 1. At this equilibrium the 
system is gel-like and possesses the unusual ability 
to suspend large, dense particles while still being 
readily pourable For instance, glass beads, 1-mm 
in diameter and having a density of 2.5 appear to 
remain suspended as long as the system is in this 
gel state. As the system spontaneously reforms its 
sol structure on standing, the glass beads slowly 
settle 

The Effect of Time at Constant Shear.—-The ef- 
fect that duration of shear has upon the resistance 
of magnesia magma to shear is shown in Fig. 2. 
The figure represents upcurves made on samples 
each of which had been subjected to increasing dura- 
tions of shear at a constant initial shear rate indi- 
cated by Dg. The straight line portions of the 
upceurves, connecting the points @, 6, and c, show the 
parallel relationship between the slopes of the curves; 
also, extrapolation of the lines to the shearing stress 
axis indicates the apparent yield values, fg. The 
qualification “apparent” is intended to indicate that 
the measured yield values vary with rate of shear 

A linear relation results when the shearing stress, 
r (or the apparent yield value, fq) is plotted against 
the logarithm of the time, ¢, at shear rate Dg. This is 
shown in Fig. 3. Therelation between the change in 
shearing stress (or apparent yield value) and the 
duration of shear, then, may be expressed similarly 
to data of thixotropic flow systems (7) 


log le ty 


fa, — fa, 
R= = : 
log 


where RX is the constant which describes the inter- 
relationship between shearing stress (or apparent 
yield value) and duration of shear, and might be 
termed the coefficient of increased resistance to shear 
with time. The magnitude of the constant R is a 
function of the constant rate of shear used, Dg, as 
indicated by the change in the slopes of the r versus 
log ¢ plots at various values of D, 

It is interesting to note that the increase in shear- 
ing stress occurs only at rates of shear greater than 


dyne/cm2 


(T 


SHEARS 


Fig. 3.—Increased resistance to shear of magnesia 
magma as a function of the rate of shear. 
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approximately thirty reciprocal seconds. Below 
this value, the effect of duration of shear is appar 
ently nil. A rheogram of the data obtained at shear 
rates less than thirty reciprocal seconds results in a 
typical pseudoplastic flow curve as shown in Fig. 4 

In Fig. 5, values of log R obtained above shear 
rates of thirty reciprocal seconds are plotted versus 
log D. This plot yields a straight line which de 
scribes how the resistance to shear increases with time 
at various constant rates of shear 

The Effect of Shear at Constant Time. — Although 
there is an increase in the resistance to shear with 
time when magnesia magma is subjected to a con 
stant rate of shear, there is, in addition, a decrease 
in the apparent viscosity with increasing rates of 
shear as illustrated in Fig. 6. Analogous to pseudo 
plastic systems (8), a straight line is obtained when 
the log of apparent viscosity,’ n¢, is plotted against 
the log of shear rate, D (Fig. 7). The apparent 
viscosity in this case, is defined by the equation 


"Na r/D 


which describes the slope of the line connecting 
the point (7, D), on the upcurve of the rheogram, 
with the origin. The relation between the apparent 
viscosity and the rate of shear corresponding to it 
on the upcurve may be described by the equation 


log na,/na 
log D./D 


where S is the coefficient of decreasing apparent 
viscosity with increasing rates of shear. Figure 7 
indicates that the constant S is relatively independen 
f the duration of shear at each shear rate 

It should be noted that the exact shape and posi 
tion of the up- and downcurves, at constant dura 
tions of shear, will be governed in considerable meas 
ure by the instrument and the rates of shear chosen 
for the rheological measurements. The constants 
R and S, therefore, as determined in this study are 
not absolute valnes assignable to magnesia magma, 
but are rather relative values for determining the 
influence of (a) a constant rate of shear on shearing 
stress when the duration of shear is the variable, and 
(+) a variable rate of shear on shearing stress when 
the duration of shear at each shear rate is constant 
By using this experimental approach, it has been 
possible to characterize the rheological behavior of 
magnesia Magma, in a range of shear rates from nine 
to six hundred and eighty-eight reciprocal seconds, 
in terms of recognized rheological parameters 

Studies with the Stormer Viscometer.— It seemed 
desirable to use another viscometer to determine 
if the data obtainable from it would confirm the 


antithixotropic behavior of magnesia magma ob 
served in studies with the Drage instrument The 
Stormer viscometer was used for this purpose. Data 


which show the increased resistance to shear with 
duration of shear at a constant shearing force of 
25.4 Gm. are given in Table I 

The rates of shear in Table I were calculated ac 


* Normally, for pseudoplastic systems the log of shearing 
stress, r, rather than the apparent viscosity, 9a, is plotted 
against the log of shearing rate, D. yielding a straight line of 
slope >1 yields a straight line for antithixotropic 
data also however, we desired to show the decrease 
in the ability of magnesia magma to resist flow with increas 
ing rates of shear, it was felt that the apparent viscosity plot 
was more illustrative 
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Fig. 4.—Rheogram of data obtained at rates of shear 
less than 30 sec.~! 
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Rheograms showing the effect of duration 
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Fig. 7 Plots of log no vs. log D showing the rates 


at which the apparent viscosity decreases with in 
creasing rates of shear at various durations of shear 


cording to the method described by Reiner and 


Riwlin (9 


2(r.p.m.)R 


9.55 — R,*) 


where R, and Rp» are the radii of the measuring cup 
and bob, respectively 

The gradual increase in the time of 100 revolutions 
of the bob indicates that magnesia magma increases 
in consistency when it is sheared repeatedly with a 
constant After the trial 
there is no further change in the time This may be 
due to either or both of two things: (a) the system 
has attained structural equilibrium, or (6 
rate of 


shearing force seventh 


since the 
than thirty 
reciprocal seconds no further increase in consistency 
will occur 

Stormer 


shear has decreased to less 


data which show the anti 
thixotropic behavior of magnesia magma are given 
in Table II \ rheogram of the data is shown in 
Fig. 8 

The Stormer viscometer operates only at selected 
shearing result, the duration of 
varies at each rate. Despite this inability to 
maintain a constant duration of shear, as one can 
with the Drage rheometer, the data obtained with 
the Stormer viscometer can be plotted to show the 
typical flow curves 


viscometer 


stresses. As a 
shear 


of time-shear dependent sub 


stances. Consequently, the Stormer rheogram in 


TABLE I 
ro SHEAR WITH DURATION OF SHEAR AT 


Trial l 2 3 
Time of 100 rev. (sec.) 130 147 161 
Rate of shear (sec.~') 16.1 40.5 37.3 


TABLE Il 


Driving weight, Gm 26.4 

Time of 100 rev 
Upeurve 
Downcurve 
Upcurve 
Downcurve 


28.4 
, sec 
158 106 


38.0 56.6 


72 Is 194 
34.9 2.8 


WEIGHT (Gm) 


300 


Fig Stormer rheogram for magnesia magma 


Fig. 8 shows the characteristic antithixotropic flow 
curve as the Drage rheogram in the first cycle of 
Fig. 1 

The phenomenon of antithixotropy is seldom 
encountered in pharmaceutical systems Even 
among the suspensions chemically related to magne- 
sia magma, such as aluminum hydroxide gel U. S. P 
and bismuth magma N. F., we failed to find signs 
of such behavior. Instead, these substances were 
thixotropic. A comparison of the flow curves of 
these substances with that of magnesia magma is 
shown in Fig. 9 

Although antithixotropy bears some resemblance 
to dilatancy and also to rheopexy, it nevertheless 
differs from them in important respects 
lhe rheological behavior of antithixotropic systems 
is dependent upon the duration as well as the rate 
of shear. Dilatant systems are dependent upon 
rate of shear only. Rheopectic systems, i. e., those 
which gel more rapidly when a small shear is applied 
than when at complete rest (10), are gels at equi- 
librium; antithixotropic systems are sols 

Eliassaf, ef al. (2), have suggested that antithixot- 
ropy in polymethacrylic acid solutions probably 
results from the fact that, during flow, the collision 
frequency of polymer molecules increases, causing a 
build-up of intermolecular bonds with time. Har- 
vey, et al attributed this same rheological 
phenomenon in pigment suspensions to a shift in 


several 


(3), 


DaTA OBTAINED WITH THE STORMER VISCOMETER SHOWING THE INCREASE IN THE RESISTANCE 


CONSTANT SHEARING Force oF 25.4 Gm. 
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DATA FROM STORMER VISCOMETER DEMONSTRATING ANTITHIXOTROPY 
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aluminum hydroxide gel, and bismuth magma 


the equilibrium between two states of flocculates 
one having large numbers of small flocculates, and 
the other, small flocculates 
Both postulates probably de scribe similar phenom 
the ipplicable to 
our system 
would seem that the coefficient olf increased resist 


numbers of large 


second being the one most 
From these theoretical conjectures, it 


ena, 


ance to shear should be some function of the rate 
of shear Figure 5 indicates that with magnesia 
magma this is true. Also, it indicates that this 
coefficient is approximately equal to the square root 
of the shear rate used to obtain it (or 1s one half 


order with respect to shear rate, in the kinetic 
sense 
Eliassaf also suggested that shear acts both in 


resistance to shear 


thixotropic 


increasing and decreasing the 
He attributed the difference 
and antithixotropic flows to a shift in the balance 
between these effects. It from our 
data that a more complex situation exists in magne 
At rates of shear below thirty reciprocal 


bet ween 
two appear 


sla magma 
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flow 


shear 


seconds, the curve indicates pseudoplastic 
behavior At rates greater than thirty 
reciprocal seconds, the particle collision frequency 
increases to such an extent that the rate of increased 
resistance to shear with time becomes noticeable; 
moreover, the rate of decreased apparent viscosity 
with increasing rates of shear is relatively insensi 
tive to the duration of shear, as shown by the 
parallelism of the lines of Figs. 2 and 6. This 
suggests that the increased resistance to shear with 
time and the apparent with 
increasing rates of shear are concerned with two 


decreased viscosity 
separate and distinct features of the system 

We suggest that these features are the floccule 
size and their alignment. The apparent increased 
resistance to shear with time at a shear 
rate results from an increase of floccule collision 
and a consequent change in floccule size, the change 
progressing until an equilibrium state ts reached 
On the other hand, the decreased apparent viscosity 
with increasing rates of shear results from greater 
floccule alignment in the direction of flow. With 
alignment there is a lower energy requirement for 
the bob to move through the medium than would be 
necessary if the increased alignment had not oc- 
curred. Further study, however, is required to 
clarify this rheological behavior 

The possible applications of this type of rheo 
product development 
receiving our consideration. Also, we 
preliminary investigation, other 
which appear to exhibit antithixotropy 


constant 


logical behavior to are 


have under 


several systems 
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Synthesis and Metabolic Studies of C'*-Labeled 
Hemicholinium Number Three’ 


By FLOYD R. DOMER# and F. W. SCHUELER 


Synthesis of C''-labeled hemicholinium No. 3 
(HC-3) with a specific activity of 2.788 mc. 
mM is Patent te Twenty-four hour studies 
of rats in metabolism cages indicated 57.5 
per cent of an injected dose is excreted in the 
urine, 15.6 per cent is excreted in the feces, 
and none is excreted in the expired carbon 
dioxide. Tissue distribution studies did not 
show any site of localization in rats. 


N 1954 Lone and Schueler 
series of compounds in an attempt to find a new 


1) synthesized a 


type of anticholinesterase structure. Of special 
interest in this series was the compound which 
exhibited the lowest anticholinesterase potency 
It proved to be the most toxic compound in 
causing death after a period of time had elapsed 
A further study by Schueler 
the compound, now called hemicholinium No. 3 


(2) indicated that 


(HC-3), depressed activity in the central nervous 
system. The potent respiratory depressant ac- 
tivity of this compound was attributed to its 
ability to 
Kasé and 


have a 


hemiacetal configuration. 
Borison (3) shown HC-3 to 
action in the 


form a 
have 
primary site of central 
nervous system 

HC-3 has also been found to have peripheral 
In 1956 MacIntosh, ef al. (4), 
that it had an effect on the rate of acetylcholine 


activity showed 


formation in the perfused superior cervical 


ganglion of the cat. Longo (5) recorded phrenic 
respiratory action potentials in rabbits and cats 
and obtained evidence compatible with neuro- 
muscular blockage. Reitzel and Long (6) made 
an extensive study of the peripheral effects of 
HC-3 and found that it had 
blocking activity when the 


neuromuscular 
preparation being 
studied was stimulated fast enough to use up 
Wilson and Long (7) 
3 had activity at numerous periph 


the stored acetylcholine 
also found HC 


eral sites. It was shown to be much more potent 


as an inhibitor of transmission at the neuromuscu 
lar junction and parasympathetic end organs than 
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Tulane University, 


(C2) from the U.S 


at a sympathetic ganglion and splanchnic nerve- 
adrenal gland junction. Desmedt (8) demon- 
that HC-3 skeletal 
muscle of cats which appeared to be identical 


strated caused results in 


with the characteristic picture seen in patients 
Orkand and 
Martin (9) used intracellular electrodes in the 


suffering from myasthenia gravis. 


frog foot to show that high doses of HC-3 pro- 
longed the period of depolarization and changed 
the shape of the end plate potential. This indi- 
cates that HC-3 may have an effect directly on 
the muscle in sufficiently high doses. 

The preceding discussion indicates the scope 
of the experiments which have been carried out 
to show the central and peripheral actions of 
HC-3. Numerous studies have indicated choline 
to be the most effective antagonist to the action 
of HC-3 (2, 6, 10-12). It has been suggested 
that HC-3 prevents the transport of choline to 
intracellular 
form A possible 
site of HC-3 action which would account for its 
central nervous system activity is in the blood- 
brain barrier where it could prevent choline 
To test this hypothesis the present 
studies involve the synthesis of radioactively- 
labeled HC-3, its localization in various body 
tissues, and routes of elimination from the body. 


the necessary sites where it is 


acetylated to acetylcholine. 


transport. 


EXPERIMENTAL 


Chemical Procedures.—7ertiary Amine Analog of 
HC-3.—To 20 Gm. (71.6 mM) of p,p’-bisphenacyl 
chloride was added 6.45 Gm. (85.9 mM) N-methyl- 
aminoethanol in a flask placed in a water bath to 
prevent overheating. The reaction mixture was 
allowed to stand overnight. A 3-volume excess of 
water was then added and the reaction mixture 
allowed to stand overnight, during which time 
a brown precipitate formed. After washing several 
times with water the precipitate was collected on a 
filter. This product was extracted with boiling 
benzene and crystallized on cooling. It was 
repeatedly recrystallized from absolute ethanol. 
The melting point was 97-99° and the yield 58.4% 
of the theoretical amount. This agreed with the 
compound previously prepared in our laboratories 
by Dr. S. Kruger which was recrystallized from 
methanol. On analysis it was found to contain 
one mole of methanol of crystallization 

Anal.—Caled. for Cox Hes -CH;OH: C, 66.34; 
H, 7.69; N, 6.73. Found: C, 66.27; H, 7.53; N, 
6.68. 


C™~Hemicholinium No. 3.—To 147.5 mg. (384 
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uM) of the tertiary amine thus prepared and placed 
in & ml. of 95% ethanol, 73 mg. of C'*H,Br (753 
uM) which had prepared in the manner 
described by Foreman, ef a/. (13 ,wasadded. When 
the addition was complete the mixture was stirred 
at room temperature for twelve hours An excess 
of nonradioactive CH;Br (94.4 mg.; 994 wi) was 
then added and the reaction stirred at room tem 
perature for forty-one hours Precipitation 
completed by adding absolute ether and cooling in 
a dry The product was filtered 
on a tared, medium-fritted Biichner funnel Further 
recrystallization from ethanol resulted in a 95.2% 
vield of the theoretical of the compound which 
melted at 178-180 The 
outlined below 


been 


was 


ice-acetone bath 


reaction sequence 5 


© 
CICH;—C C—CH,Cl + 
CH,NHCH,CH,OH — 
CH; CH 
OH OH 
N N. C!HBr 
O oO 
CH CH; 
OH HO 
2 Br 
O oO 
HC-3 


The specific activity of the compound was deter 
1 sample of the HC-3 in a 
liquid scintillator solvent contaming 2,5-diphenylox 
azole (PPO) and 1,4-di-[2-(5-phenyloxazolyl)| ben 
zene (POPOP) in toluene and counting on a Los 
Alamos liquid scintillation counter (14 The 
specific activity was 2.788 me mM. The radio 
chemical purity found by autoradiography 
following descending paper chromatography What 
man No. 1 paper 1'/: X 18 in. was used with a 
solvent system of n-butanol-ethylene glycol-water 
(4:1:1 by The chromatogram obtained 
in this procedure was placed against medical X-ray 
film and allowed to develop for an appropriate time 
The R,of the C'*HC-3 in this system was 0.45 

Biological Procedures.A!! animals used in these 
studies were male, Sprague-Dawley rats weighing 
approximately 250 Gm. The dose of HC-3 used 
was 40 mcg./Kg. i. p. which is slightly less than the 
LDw previously reported (2) 

C'HC-3 given to four rats 
immediately placed in individual 
tabolism cages for twenty-four hours. The use of 
similar cages for mice has been previously described 
(15 They were so arranged as to collect separately 
the expired carbon dioxide in a *odium hydroxide 
solution, urine, and feces. An aliquot of the 


mined by dissolving 


was 


volume 


was which were 


all-glass me 


Tassie I 


Urine 
Anima! No C'dp. me Inj 


Disintegrations per minute 


Twenty-Four Hour Excretion or C'* 


Dose C'd. p.m Inj 


49, No. 8 


sodium hydroxide solution was treated with an 
excess of a solution of 4 M ammonium chloride and 
0.4 M barium chloride in CO,-free water. The 
precipitated barium carbonate was collected on a 
medium-fritted Biichner funnel, dried in an oven, 
and weighed. A sample of this precipitate, along 
with aliquots of urine, feces, and other tissues were 
subjected to the procedure as has been previously 
described for counting of tissues in a refrigerated 
liquid scintillation counter (16) 

\ second series of animals were killed at varying 
periods of time after injection, i. e., twenty minutes, 
forty minutes, three, six, twelve, and twenty four 
hours. One of each pair was then perfused via the 
left ventricle with 
saline so as to remove the blood from the organs 
being studied. This is similar to the method of 
Schoolar, et al. (17) Tissues from both animals of 
the pair were then prepared and analyzed as in the 


abopit five blood-volumes of 


previous section 

To study the possibility of secretion of the com 
pound into the bile and on into the intestine, two 
chronic _ bile-fistula prepared. The 
polyethylene cannula was run through a stab wound 
in the side of the animal rhe 
immobilized in Bollman-type cages and given 5% 
glucose in saline as drinking water and solid food, 
ad. libitum. Following a forty-eight-hour recovery 
period C 4HIC-3 was injected and bile collected for 
two twelve-hour periods 

\utoradiographs were prepared of sections of the 


rats were 


animals were 


brain, liver, and kidneys from animals killed 
twenty minutes, forty minutes, and twenty-four 
hours after injection. Urine samples and water 


extracts of feces were chromatographed using the 
previously-mentioned —-butanol- thylene glycol 
water solvent system These samples and chro 
matograms were then exposed to X-ray film for an 


appropriate length of time 
RESULTS AND DISCUSSION 
The results of the twenty-four hour metabolism 


Table | It will be 


4 shows a wide discrepancy 


experiments can be seen im 
noted that animal No 
from the other animals 
the injection having been made into the intestine 
instead of into the peritoneal cavity If this animal 
is neglected the show 57.5% 1s 
excreted in the urine, 

and none excreted in the expired carbon dioxide 
There was no radioactivity into the bile 
in the chronic bile-fistula animals. This, coupled 
with the results seen in animal No. 4 in which the 
HC-3 was very poorly absorbed from the intestine 
suggests that the HC-3 is transported into the 
intestinal lumen from the surrounding peritoneal 
cavity or 
reverse direction is 


Presumably, this is due to 


average results 


15.6°% excreted in the feces, 


secreted 


movement in the 
This would 


bloodstream while 


much slower 


Feces CoO 
Dose C'dp.m Inj 
10.7 557 0.42 

0 

0 


Dose 


| 
75, 184 56.7 14,212 
2 54,252 45.4 26,914 
+ 3 95,309 70.3 18,298 
4 3,390 3.0 90 , 292 
dp. 
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Taste Il 
Tissue d./min 
Liver 2,628 
Spleen 775 
Kidneys 570 
Muscle 
Brain $20 
Feces 3,799 
Urine 546 
Blood 57,312 


Plasma 


Tasie III 

Tissue d./min 
Liver 4,955 
Spleen 1,046 
Kidneys 3,526 
Muscle 
Brain 408 
Feces 3,27 
Urine 40,959 
Blood 38 , 906 


Plasma 


Tissue d./min 
Liver 7,098 
Spleen 959 
Kidneys 2,567 
Muscle 
Brain 0 
Feces 9, 164 
Urine 47,498 
Blood 21,420 
Plasma 0 


TABLE V 


Tissue d./ min 
Liver 2,694 
Spleen 325 
Kidneys 1,936 
Muscle 
Brain 261 
Feces 19,154 
Urine 58,734 
Blood 7,950 
Plasma 0 


TABLE VI 


Tissue d./min 
Liver 6,757 
Spleen 348 
Kidneys 1,634 
Muscle 0 
Brain 0 
Feces 30 , 287 
Urine 78,498 
Blood 25,379 
Plasma 0 


TaABLe IV 


Unperfused 
% oO 


Inj. Dose 


Unperfused 


0 
Inj. Dose 


Unperfused 


Screntiric EDITION 


C Tissue DIstRiBuTION oF THRee-HouR ANIMALS 


C™ Tissug OF TWENTY-MINUTE ANIMALS 


Perfused 


Inj. Dose 


0 
0.3 
0.9 
0 
0.2 
2.7 
0 

17.2 


C™ Tissue DIsTRIBUTION OF Forty-MINUTE ANIMALS 


Perfused 
of 
Inj. Dose 


Perfused 


Inj. Dose 


5.8 
1.6 
1.6 
0 
14.5 
55.6 
6.1 
0 


C™ Tissue DISTRIBUTION OF SIx-HouR ANIMALS 


Unperfused 
Inj "Dose 
3.0 
0.4 


Perfused 
% o 


Inj. Dose 


7.6 
0.8 
1.6 


C™ Tissvg DistRIBUTION oF ANIMALS 


Unperfused 

Inj. Dose 

0.3 

1.5 


1 
to 


ty 
te 
mo 


Perfused 
™ of 


Inj. Dose 
2.1 
0.8 
1.3 


d./min 
Gm. 


487 
1,660 
714 
32 

0 
3,185 
14,910 
263 


4,167 
19,390 
985 

0 


ere 
Avy 
¢ 
Gm d./min Gm 
2.4 223 0 0 
“3 0.7 1,026 279 360 i 
= 0.5 279 996 437 
0 0 0 0 
0.4 225 183 103 
mn 3.5 2, 282 2,880 1,734 
0.5 910 0 0 
. 53.1 2,274 18,631 736 
0 0 0 0 0 0 
Gm d./min Gm + 
4.2 379 3,028 2.6 221 : 
% 0.9 1,187 468 0.4 521 ; 
3.0 1,575 1,761 1.5 733 
: 218 96 
0.3 221 60 0.1 32 
ey 2.8 1,421 15,674 13.6 3, 164 
35.1 45,510 14,612 12.6 22 , 137 
Pe 33.4 1,425 23 , 506 20.3 871 
; 0 0 0 0 0 0 
a 
Inj. Dose Gm d./min fF 
7.0 643 6,572 
09 1,391 1,833 
2.5 1,307 1,856 Bye: 
78 
0 0 0 | 
9.0 2 , 356 16, 286 
46.6 21,590 62,622 
21.0 900 6,920 4 
0 0 0 
d./min | | d./min./ 
Gm d./min Gm. 
“yy 316 7,550 626 
496 835 872 
2.1 1,108 1,584 742 
179 378 
ae 0.3 158 0 0 0 
7 21.0 5,839 6,885 7.0 
64.4 32,630 71,743 72.6 
8.7 373 22,755 23.0 
i 0 0 0 0 ; 
d./min_/ d_/min, 
“aa Gm d./min Gm 
701 2,217 189 
769 1,352 531 
0 0 0 0 0 
aE 0 0 0 0 0 
5,747 26,819 25.9 10,737 
| 12,460 63,423 61.2 23,490 
3 976 24,424 23.6 1,009 
= 0 0 0 0 0 
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Tassie VII C™ Tissue DIsTRIBUTION OF TWENTY-FOUR Hour ANIMALS 


Unperfused Perfused 
o d./ min of d./min 
Tissue d./min Inj. Dose Gm d./min Inj. Dose Gm 
Liver 3,015 2.7 369 1,260 1.1 110 
Spleen 237 0.2 353 199 0.2 386 
Kidneys 636 0.6 316 1,137 1.0 470 
f Muscle 203 0 0 0 
s Brain 0 0 0 0 0 0 
A Feces 9) , 292 79.6 17,321 26,914 22.5 3,782 
Ps Urine > 3,390 3.0 295 54,252 15.4 3, 487 
Blood 0 0 0 18,930 15.9 678 
Plasma 0 0 0 0 0 0 
acet yicholine acetyicholinesterase activity of the 
| erythrocytes this affinity its not too surprising 
: jo All of the sites of action which have thus far been 
‘ i | Pd found for HC-3 have been where cholinergic mech 
anisms exist. It will be noted that in some instances 
‘ J the return was greater than the injected amount of 
& f radioactivity. The most probable source of this 
‘ / error is the blood. In this analysis only 20 
was used as an aliquot and the resulting solution 
.| was so highly colored there was a great deal of 
quenching. Both of these facts would contribute 
to error in the determination 
Autoradiographs of the kidney showed some 
: localization of radioactivity in the pelvis and in the 
ie Fig. 1.—Typical urinary C" excretion following C' cortex and/or capsule. There was no localization 
: HC-3 of radioactivity in the liver. 
explain the previously-reported large increase in SUMMARY 
LDw when the compound is administered orally 
(2). Figure 1 shows typical results obtained with The synthesis of C'-labeled hemicholinium 
” urinary excretion of the radioactivity It indicates No. 3 (HC-3) has been described I wenty-four 
ae that the compound is very rapidly excreted into the — oyr metabolism studies with rats indicated that 
urine. Autoradiographs of urinary chromatograms 


the HC-3 is rapidly excreted in the urine and 
showed only one compound to be present. It had 


a Ry of approximately 0.45 and was evidently the feces (ratio approximately 3:1) Tissue dis 

parent compound. This, along with the lack of tribution studies in animals at various times 
F respiratory CO, suggests that there is little, if after injection failed to show any sites of locali- 

anv, biotransformation of HC-3 in the body 

Tables II-VII show the tissue distributions at 

varying times after injection. It will be noted that Ry eee 

in most of the twenty- and forty-minute animals REFERENCES 

some of the compe vind had already appeared in the (1) Long, J. P., and Schueler, F. W., Tus Jounnat, 43, 

urine and feces. This indicates the rapidity with 79(1954) 


zation in various organs of the rat 


which the body eliminates the HC-3. Table VI ean Schueler, F. W., J. Pharm. Exptl. Therap., 115, 127 
shows that 87-97% of the compound was eliminated 3) Kasé, Y¥., and Borison, H. L., ébid., 122, 215(1958) 
[eS 4) Macintosh, F. C., Birks, R. 1., and Sastry, P. B., 
in the urine and fece in the first twelve hours fol Nature, 178, 1181(1956) 
: lowing injection. The only times at which any 5) Longo, V. G., Arch. Intern. Pharmacodynamic, 119, 
; j radioactivity was found in the brain were at twenty 1G) Reitzel, N. L.. and Long, J. P., sbid., 119, 20(1950) 
t and forty minutes after injection (the times observed (7) Wilson. B., and Long, J. P., ibid., 120, 343(1959) 
“vere » (8) Desmedt, J. E., Federation Proc., 18, 36(1959) 
a to be the onset of and most severe respiratory (9) Orkand, R. K., and Martin, A. R., tbid., 18, 430 
i , difficulty). Autoradiographs of the brain did not 1959) 
Pi show any localization of the activity. This does —_ J. F., Bull. Foc. Tulane Med. School, 16, 
: not indicate that the blood-brain barrier ts involved 11) MacIntosh, F. C., Cen. J. Biochem. Physiol., 37, 343 
in the central act vity of HC. 3, but it also does not ne Gardiner, J. E., J. Physiol., 138, 13 P(1957) 
preclude the possibility that it may be acting there (13) Foreman, W. W., Murray, A. III, and Ronzio, A. R., 
resti be J. Org. Chem., 15, 11911950) 
ig? An intere ting point which can be seen in these OS Hayes, F.N., Intern. J. Appl. Radiation and Isotopes, 
j data is that even though there was nearly always a 1, 45(1956) 
~~ . — : ~~ > (15) Roth, L. J., Leifer, E., Hogness, J. R., and Langham, 
detectable blood level of radioactivity nome was 7” Biol. Chem, 176, 2491948) 
ever found in the plasma This suggests the HC-3 (16) Domer, F. R., and Hayes, F. N., Nucleonics, 18, 
was adsorbed onto or held within the formed ele (17) Schoolar, J., Barlow, J., and Roth, L., Proc. Soc 
‘ ments of the blood. When one considers the Exptl. Biol. Med., 91, 347(1956). 


‘ 
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UMEROUS PLANTS were used by the native 

California Indians as fish poisons, but the 
two most highly esteemed for this purpose were 
Chlorogalum pomeridianum (soap root or amole), a 
member of the lily family, and Eremocarpus setigerus 
Benth (Piscaria setigera Piper; turkey mullein, or 
dove weed), a member of the spurge family (1). 
The active principles of the former are saponins 
which yield sugars and steroid sapogenins on hy- 
drolysis (2) 

The common names “dove weed” and ‘“‘turkey 
mullein” refer to the fondness of wild turkeys and 
mourning doves for the seeds of the plant. ‘Mul- 
lein” refers to the woolly, mullein-like appearance 
of the leaves, which is due to prickly, compound 
stellate hairs that radiate outward from the leaf in 
ill directions. Some Indians attributed the killing 
action on fish to these hairs, which, they said, attach 
themselves to the eyes and gills and make the fish 
frantic (3). However, it was a simple matter to 
show that a carefully filtered aqueous extract of the 
leaves and the unfiltered extract were equally 
toxic to goldfish. It is reported also (4) that the 
Indians applied the bruised fresh leaves to the chest 
is a counter-irritant for pain and that a weak de- 
coction of the plant was used as a bath in typhoid 
ind other fevers and taken internally as a cure for 
chills and fever. In our experience, concentrated 
extracts have a strong vesicant action, and collect- 
ing the plants for a whole day using leather work 
gloves eventually led to complete loss of the outer 
layer of skin of the palm and fingers of the right hand 
without the formation of blisters 

Preliminary examination, using goldfish for 
tuxicity tests, showed that the active principle is 
extractable by acetone, methanol, ether, ethylene 
chloride, or benzene. In the general procedure used 
to obtain material for chemical investigation, the 
ground fresh plant, collected during the month of 
Tuly, was extracted with hot methanol, and the 
methanol was removed under reduced pressure 
Ihe residue was a mixture of the water-soluble com- 
ponents dissolved in the water extracted from the 
plant, and the water-insoluble or slightly soluble 
components. Extraction of the mixture with ben- 
zene gave a benzene-soluble fraction and an aqueous 
solution. All of the active material was in the 
benzene extract and none in the aqueous layer. 
Accordingly the active principles are not water- 
soluble saponins 

Removal of the benzene from the extract left a 
dark green sticky residue. The residue was dis- 
solved in peroxide-free ether and chromatographed 
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on alumina. Individual fractions were rechroma- 
tographed to give three crystalline products, 
which, in the order of decreasing ease of elution, 
proved to be paraffinic, alcoholic, and phytosterolic, 
none of which was toxic to fish. The melting points 
and analyses of these compounds agreed with those 
expected for hentriacontane, hexacosanol, and 8- 
sitosterol, but the possibility that they are difficultly 
separable mixtures such as commonly are found in 
plant waxes (5) and plant sterol fractions (6) was 
not rigorously excluded. The more strongly ad- 
sorbed fractions were thick, sticky oils which were 
highly active. At a concentration of one part per 
million, the mean survival time of goldfish was 
seventy-five minutes for the crude benzene extract 
and twenty-two minutes after chromatographing 
‘his toxicity may be compared with a survival time 
of forty-nine minutes for rotenone (7), two hundred 
minutes for croton oil, and thirty-five minutes for 
croton resin (8) 

In another modification of the procedure, the 
residue left on evaporation of the benzene was dis- 
tributed between hexane and aqueous methanol. 
All of the active material entered the methanol layer 
Dilution of the methanol with water, extraction 
with ether, and evaporation of the ether left a sticky 
dark residue which was chromatographed on 
alumina. No crystalline fractions were obtained, 
and the toxic material appeared in the more strongly 
adsorbed fractions 

All attempts to obtain a single pure compound 
from the toxic fractions failed. Highly active frac- 
tions could be obtained by chromatography, but 
no crystalline product or crystalline derivative could 
be obtained. When a highly active fraction, sepa- 
rated by chromatography, was heated at 1.5 mm., 
a portion distilled in the range 130-185°. The por- 
tion boiling at 130-150° was inactive; that boiling 
at 160-185° was active, but not more so than the 
original fraction, and the portion distilling was 
small in amount. 

Light-colored, highly-active fractions obtained by 
chromatography were free of nitrogen, sulfur, and 
halogen. Their infrared spectra indicated the pres- 
ence of hydroxyl (2.98 yw, 3,355 cm.~') and carbonyl 
groups (5.80 1,725 cm.~', and 5.85y 1,710cm.~) 
However, all attempts to prepare crystalline de- 
rivatives using reagents for hydroxyl and carbonyl 
groups failed. Refluxing with alcoholic sodium 
hydroxide gave a neutral fraction and an acidic 
fraction. Both fractions were heavy sticky oils 
and no crystalline derivatives could be prepared 
from either fraction 

Because Croton tiglium, from the seeds of which 
is obtained the highly toxic croton oil, also is a mem- 
ber of the spurge family, the possibility of identity 
or similarity of our extracts to croton oil was con- 


- 
— 
7 
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sidered rhe literature on the chemical nature of 
croton oil has been summarized recently (9 In 
contrast to croton oil, saponification did not yield a 
crystalline product analogous to “phorbol” (10), nor 
could any crystalline esters (%) be obtained Boehm 
states (11) that croton resin gives an intense red- 
brown color with alcoholic potassium hydroxide or 
sodium ethoxide, a rose red and then dark brown 
color on boiling with alcoholic hydrochloric acid, 
and a grass green color when warmed with con- 
centrated sulfuric acid. Active fractions from 
Eremocarpus are not changed in color by alcoholic 
sodium ethoxide, merely darken: when boiled with 
alcoholic hy drochloric ac id, and turn a dark reddish- 
brown when warmed with concentrated sulfuric 
acid 


Quantitative relationships between the dose 
and incidence, latent period, duration of 
action, cumulative and minute responses of 
the apomorphine-induced pecking syndrome 
are described. 


a has long been recognized as a po 
tent emetic in man and other animals. This 
substance shares with its parent morphine the prop 
erty of stimulating the chemoreceptor trigger zone 
CTZ) of the medulla thereby activating the vomit 


ing center (1 CTZ excitation represents one of 
perhaps several nervous system stimulating compo 
nents of apomorphine’s spectrum of activit rhe 


drug's emetic propensity is most readily exhibited 
in man and the dog, two animals who have proved to 
be exquisitely sensitive to this drug. Without 
doubt, emesis is the most apparent sign of apomor 
phine-induced central stimulation (following the 
administration of comparatively low doses) in 
these animals 

One sees evidence of apomorphine stimulation in 
a number of other animal species particularly those 
that are refractory to the emetic effect In the frog, 
apomorphine is responsible for a marked increase in 
reflex excitability (2), while restlessness, excitement, 
and a peculiar gnawing are characteristic effects in 
rabbits (3 In a somewhat similar manner, the 
pig, rat, horse, and guinea pig also display distinct 
signs of stimulation (4 

The excitatory action of apomorphine manifests 
itself in pigeons in a manner strikingly different 
from that described for other animals. Following 
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By A. M. BURKMAN 


vdministration by any one of several routes (1. v., 
i. p., i. m., p. 0.) this bird exhibits what has been 
described to be a ‘pecking syndrome 5) or “‘feed 
ing hallucination” (6 i continuous and repetitious 


pecking at the floor, walls, and roof of the cage in 
which it has been placed 

The relationships between the dose and a number 
of characteristics of this curious pecking response 
are herein reported 

Adult domestic pigeons of both sexes served as 
test subjects All apomorphine hydrochloride solu 
tions were administered by the intraperitoneal route, 
and the bird’s responses monitored continuously for 
four hours following injections. The following ob 
servations can be reported on the basis of data con 
tained in Figs. | and 2 


1 The ED and 95°, confidence limits) of 
spomorphine HCl, determined by the method of 
Litchfield and Wilcoxon (7), was found to be 


0.154 (0.134-0.177) mg./Kg. while the slope func 
tion of the dose-response line (reproduced in Fig. | 
was calculated to be 1.54 (1.21-1.95 

2. Latent period following injection was ob 
served to decrease as the dose increased The re 
gression line formula was calculated to be Y = 7.39 
2.65 X (Fig. 2 A) 

3. Pecking activity (pecks/minute) is stimulated 
to the greatest degree when doses of about 1.0 mg 
Kg. (log dose 0) are reached (Fig. 2 B) Doses be 
yond this maximum effective dose level failed to in 
crease the minute activity, this no doubt due to 
physiological limitations of the act 

4. The duration of action is an almost linear 
function of the log dose throughout the investigated 
range (Fig. 2 C) 

5. The cumulative (total) response, as one might 
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Fig. 1 rhe relationship between the number of 
pigeons exhibiting a positive pecking response and 
the dose of apomorphine HCI administered intraper 
itoneally Numerals in parentheses represent the 
total number of birds used to plot the respective 
points 


expect after examining the above data, also increases 


Beyond the maximum ef 
fective dose the increase in total pecking would be a 


with increase in dose 
direct result of increasing duration The leveling 
off of the cumulative response-log dose curve (Fig 
2 D) at high doses warrants explanation inasmuch 
is the duration curve maintains a nearly continuous 
It is suggested that this leveling off may only 
be an apparent statistical effect particularly since 


the plotted point at log dose 2 (in Fig. 2 D) has a 


slope 


rather large standard error 


Doses up to and including 100 mg./Kg. gave rise 


to no deleterious effects in the pigeon. Five out of 
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Fig. 2.—Relation of pecking syndrome charac- 


teristics to dose. Each point represents the mean 
(+ standard error) of 12-25 pigeons 


i total of 66 animals exhibited from one to four brief 
vomiting episodes each lasting fifteen seconds or less 
No response other than repititious pecking was ob- 
served in the other pigeons 
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Note on Suitable Solvent Systems Usable in the Liquid 
Scintillation Counting of Animal Tissue* 


By GERALD A, BRUNO and JOHN E. CHRISTIAN 


Animal tissues were dissolved, using hyamine 
base as the solvent, by several different tech- 
niques. Tissues exposed to ultrasonic excita- 
tion or homogenization upon application of 
heat dissolved sooner than untreated tissue. 
Addition of a known amount of carbon-14 
standard to the tissue samples and counting of 
the samples by liquid scintillation techniques 
indicated that the methods employed for 
tissue solution yield satisfactory solutions for 
routine liquid scintillation analysis of carbon- 
14 in animal tissue. 


ITH THE ADVENT of liquid scintillation 
, pe in 1950, a technique especially 
applicable to the counting of weak beta-emitting 
isotopes was realized. Using the weak beta-emitting 


isotopes, tritium 
an unlimited number of compounds can be labeled 


carbon-14 and hydrogen-3 
ind assayed with a high degree of accuracy 

This technique is particularly important to the 
investigator who wishes to determine the distribu- 
tion and metabolism of various compounds in the 
animal body. With this application arises the diffi 
culty of preparing suitable scintillator solutions of 
the various constituents of the The 
primary purpose of this investigation was to study 
scintillator solvents for animal 
The instrument rri-Carb 
scintillation spectrometer 

The problem of simple preparation of animal 
tissue containing carbon-14 or tritium for 
lation approached in 
ways 
direct 
suspending the 


inimal body 
suitable tissues 


used was the liquid 


scinti 


counting, has been several 


with varying degrees of effectiveness In 


consist of grinding and 
insoluble scintillation 
toluene (1-4 rhe search for a 
direct method of 
solutions of animal tissue led to the 
that a solution of the hy 
droxide form of a quaternary amine could be used to 
The quaternary 
Hyamine 


methods reported, 
tissue in a 
solvent such as 
simpler, preparing clear 
scintillator 


discovery 


more 
methanolic 
imine 


1OX? 


commercially 


inimal tissue (5 
known as 
methylbenzethonium chloride) is 
available but must undergo a relatively 
purification and conversion process before it can 
be used as a satisfactory solvent. The purified form 
of the Hyamine chloride is converted to the free 
hyamine methylbenzethonium 
by treatment with oxide (6). It has been 
reported that approximately 100 mg. of protein 
can be dissolved in 1-3 ml. of the Hyamine base 
5 Since this report, articles 
peared suggesting methods for improving the 
preparation procedure (7) and for modifying the 
method of dissolving the tissue in Hyamine (8, 9 
However, no information | 
the relative efficiency of detection for C'™ in the 
tissue systems reported 


dissolve 


chloride, commonly 


lengthy 


base hydroxide 


silver 


several have ap 


ias been reported as to 


* Received April 4, 1960, from the Bionucleonics Dept., 
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EXPERIMENTAL 


rri-Carb 
was used in all 


The optimum window for the was 
determined to be 6-90 volts and 
subsequent experimentation 

The use of silver oxide as described by Passman, 
et al. (6), for conversion of the purified chloride to 
the base, yielded a colored solution of the 
Experimentation in this laboratory revealed 
methanolic sodium hydroxide could be 
convert the chloride to the base without the forma 
tion of the highly 17.8-Gm 
portion of the purified Hyamine chloride was dis- 
solved in 50 ml. of methanol and treated with 50 
ml. of an 8°, methanolic sodium hydroxide solution 
rhe reaction mixture was cooled to precipitate as 
much sodium chloride as possible and filtered. <A 
clear, colorless, approximately 1.0 M solution of the 


base 
that 
used to 


undesirable color. A 


base in methanol was obtained 

Preliminary investigation using the 1.0 methanolic 
Hyamine base solution to dissolve rat tissue with 
direct heat yielded colored solutions and generally 
poor counting conditions. This undesirable color 
resulted from prolonged heating found to be neces 
sary to solubilize the tissue samples, and the extent 
of the color was found to be related to the particular 
type of being dissolved In an effort to 
avoid prolonged heating, the only factor in color 
production which controlled at present, 
ultrasonic waves as a tissue solubilizer and homo- 
genization were employed The ac- 
curately measured tissue samples, weighing approx 
imately 75 mg., were placed directly in the counting 
vials* with 2 ml. of Hyamine base solution added to 
The homogenization 
breaking up the 
homogenization by 
small quantities was impractical, The 


tissue 
can be 


procedures 


each was accomplished by 
glass stirring rod, 
with such 
ultrasonic 


placing the 


tissue with a 


since other means 


wave treatment was accomplished by 
vial containing the tissue suspended in 2 ml. of the 
Hyamine base solution in the transducer‘ of an 
ultrasonic generator and insonating it for one hour 
at 400 ke. Each of the including an 
untreated sample, heated in an oven at 100° 
until solution of the tissue was complete. The time 
for solution was noted in each instance 


The vials 


imple 
were 


contaiing the dissolved tissue were 
cooled and diluted with 13 ml. of scintillator solu- 
tion consisting of 4Gm./L. of PPO and 0.1 Gm./L. of 
POPOP in toluene. A 20° solution of 
trated sulfuric acid in absolute ethanol was used to 
acidify each solution as indicated by litmus paper. 
This procedure eliminated the possibility of protein 
phosphorescence in alkaline media and thus assured 
the elimination of spurious counts. A known and 
identical amount of C™ standard® was added to 
each vial and the activity determined at the tap 


concen 


Special low-potassium 
screw cap, Wheaton Glass Co 

‘Hypersonic Transducer 
ke., Brush Development Co 

National Bureau of 
carbon-14, benzoic acid in toluene 
solution 


20-m!. vials with tin foil-lined 
Millville, N 
model Bu 301 
Cleveland, Ohio 
Standards beta-ray 
16,500 dpm 


frequency 400 


standard 
per Gm. of 
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setting yielding the highest count rate for each 
solution. The results listed in Table I indicate 
that the use of ultrasonics as a tissue solubilizer 
was advantageous, as was homogenization. In 
general, the heating time of the insonated tissue 
was less than that required by the other two meth 
ods. The results also indicate that all the tissues 
tested can be assayed for C' with satisfactory 
accuracy; however, the absolute efficiency varies 
with the tissue involved, emphasizing the need for 
internal standard methods of comparison. The 
internal standard method makes use of the fact 
that upon addition of a known amount of activity 
one can then calculate the degree of quenching of 
the solution in question, thereby giving a measure of 
absolute activity 


1-—Comparison oF TIMES REQUIRED FOR 
SoLuTION AND CARBON-14 ABSOLUTE EFFICIENCIES 
or or VARIOUS TissuES DISSOLVED IN 
HYAMINE aT 100° AND CouNTED IN THE TRI-CARB 
Liguip SCINTILLATION SPECTROMETER 


High Absolute 
Time,* Voltage,® Efficiency, « 
Tissue min Tap % 
Brain (a)* 25 8 
(b) 12 6 
15 6 
Liver (a) 60 9 
b 30 7 
(e 5 7 
Kidney (a) 120 7 
(b 15 6 
(c) 5 i 
Muscle a 45 6 59 
b 25 6 63 
c) 20 6 61 
Heart a 30 9 23 
b 20 7 43 
« 20 7 54 
Spleen a 15 9 18 
b) 30 7 37 
c) 30 28 
Intestine (a) 60 9 12 
b 45 7 55 
€ 35 7 53 
Standard* 5 73 


lime in minutes required to completely dissolve tissue 
at the arbitrarily chosen 100° heating temperature 
* Tap setting which gives maximum count rate 
Absolute efficiency is determined by dividing the count 
rate of the tissue solution by the absolute disintegration rate 
of the known amount of standard added to each sample 
/ (a) Direct heating of intact tissue, (b) direct heating of 
homogenized tissue, (c) direct heating of tissue exposed to 
ultrasonics 
Solution consists of N.B.S. carbon-14 standard in scin 
tillator solution of 4 Gm./L. of PPO and 0.1 Gm./L. of 
POPOP in toluene. 
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DISCUSSION 

It is important to note that results obtained for 
C™ are not wholly applicable to tritium deter- 
minations. Tissue solutions which counted with an 
absolute efficiency of over 50% could likely be 
assayed for tritium with relatively high efficiency, 
but the less efficient solutions which were counted 
at high voltage tap settings of 8 and 9, would 
probably be too highly quenched to be of any value 
in tritium counting. 

To obtain an efficient scintillator solution for 
animal tissue, the important factors to be considered 
are (a) use of a solvent directly miscible with 
the organic scintillator, to minimize adulteration of 
the solution with solubilizing additives, and (b) 
use of whatever auxiliary means available to obtain 
a clear, colorless, unquenched solution 

The color produced by heating of the Hyamine 
base could possibly be reduced by determining the 
optimum temperature for tissue solution with 
minimum color production 


SUMMARY 


1. Hyamine base was prepared by conversion of 
purified Hyamine chloride to the free base by treat- 
ment with methanolic sodium hydroxide. This 
procedure produced Hyamine base without the 
objectionable color previously encountered 

2. Various tissues were dissolved in Hyamine 
using (a) direct heat only, (6) homogenization and 
heat, and (c) ultrasonic excitation and heat. In 
general the tissue exposed to ultrasonic waves 
dissolved soener than the untreated tissue, as did 
the homogenized tissue, but to a lesser extent 
Reduction of heating time brought about a marked 
decrease in the color intensity of the samples 

3. The samples with little or no color produced 
during heating gave considerably higher absolute 
counting efficiencies than untreated tissue samples 
which produced highly colored solutions. Absolute 
efficiencies ran as high as 68°) and in each instance 
were of sufficient magnitude to permit routine 
analyses 
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Note on the Constituents of the Indian Medicinal Plant 
Oldenlandia corymbosa Linn.* 


By H. N. KHASTGIR, S. K. SENGUPTA, and P. SENGUPTA 


»-Sitosterol and the triterpene acids, oleanolic 

acid and ursolic acid, have been shown to be 

present in the Indian medicinal plant O/den- 

landia corymbosa Linn. Evidence is presented 

to show that the plant does not contain any 
alkaloid. 


LDENLANDIA CORYMBOSA Linn. (Sanskrit: Par 
O pata) of N. O. Rubiaceae is a common plant 
growing throughout India The plant is used in re- 
mittent fever with gastric irritation and in nervous 
depression (1 A study of the plant appeared desir 
able because of its medicinal importance and because 
no chemical investigation of it had been reported in 
the literature The only members of Oldenlandia 
family that have been investigated chemically art 
O. auricularia, O. biflora, and O. herbaceae New 
ilkaloids were reported to have been isolated from 
O. auricularia (2) and O. biflera (3 Later Govin 
dachari and co-workers (4) showed that a genuine 
sample of O. biflora did not contain any alkaloid 
This group of workers isolated ursolic acid from O 
biflora and O. herbaceae More recently Bhakuni 
5) isolated 8-sitosterol and y-sitosterol from the 
seeds of O. biflora 

In the present study the dried plant of O. corym 
bosa was defatted with petroleum ether From the 
unsaponifiable fraction of the fat y-sjtosterol was 
isolated and identified by the preparation of its 
acetate and benzoate derivatives The defatted 
plant was then extracted with benzene. The residue 
from the benzene extract on crystallization from ace 
tone afforded crude ursolic acid, which was purified 
and identified as its methyl ester and methyl ester 
icetate The acetone mother liquor yielded a solid 
residue, which on acetylation followed by crystalli 
zation afforded oleanolic acid acetate, which in turn 
was further identified by the preparation of tts 
methyl ester acetate 

The plant was finally extracted with 95°; ethanol, 
but no crystalline material could be isolated from 
this fraction. Each of the petroleum ether, ben 
zene, and ethanolic extracts gave negative tests for 


alkaloids 
EXPERIMENTAL 


Extraction with Petroleum Ether and Isolation of 

the Unsaponifiable Material 

Dried and crushed whole plant (2.2 Kg.) of O 
corymbosa was extracted in a Soxhlet apparatus 
with petroleum ether, b. p. 60-80° for two hours 
The petroleum ether was distilled off and the resid 
ual fat (20 Gm.), which showed negative test for 
alkaloids, was saponified by refluxing for two 
1ours with a solution of potassium hydrox 
ide (10 Gm in methanol (30 cc.) and water 
2 cx The reaction mixture was diluted with 
water and the unsaponifiable material was extracted 
with ether, washed with water, and dried over anhy 


* Received April 4, 1960, from the Research Division, East 
India Pharmaceutical Works Ltd., Calcutta-34, India 

The authors wish to express thanks to Mr. Priyalal Moulik 
for the optical rotation study and to Mr. N. Guha for en 
couragement 


drous sodium sulfate The removal of ether 
vielded the unsaponifiable material (3.5 Gm 
which was chromatographed over activated alumina 
(100 Gm Elution with ether gave a partially 
crystalline material (0.82 Gm 

y-Sitosterol.—-The partially crystalline material 
(0.82 Gm.) obtained above was rechromatographed 
over activated alumina (50 Gm_), again eluted with 
ether, and the resulting crystalline solid (0.38 Gm 
was recrystallized from methanol to vield sitos 
terol, m. p. 146-148°, |alp 12.4 
Reported (6), m. p. 147--148°, lalp 3 The 
sample showed a positive Liebermann test 

y-Sitosterol Acetate... The acetate was prepared 
in the usual manner with acetic anhydride and pyri 
dine. On crystallization from methanol and then 
from acetone, it gave sitosterol acetate, m. p 
142-143", CHCl Reported (6), 
mn. p 143-144", $5.3 

1 mal Caled. for Cs,HyO.: C, 81.52; H, 11.48 
Found: C, 81.25; H, 11.50 

»-Sitosterol Benzoate..-The benzoate was pre 
pared in the usual manner with benzoyl! chloride 


and pyridine. On crystallization from acetone, it 

gave y-sitosterol benzoate, m. p. 150-151", |alp 
20° (CHC! Reported (6), m. p. 152°, 
19.6 


tnal.—Caled. for C, 83.34; H, 10.49 
Found: C, 82.91; H, 10.45. 


Extraction with Benzene 


The defatted plant was next extracted in a Soxhlet 
apparatus with benzene for four hours rhe re 
moval of benzene gave a crystalline residue (9.4 
Gm.), which showed a negative test for alkaloids 
The residue on crystallization from acetone gave 
colorless crystalline solids (5.5 Gm m. p. 250 


256 The acetone mother liquor on evaporation 
gave a partially crystalline residue (4) (3.4 Gm 

Methyl Ursolate..The crystalline solids (5.5 
Gm.), m. p. 250-256°, were esterified with an 
ethereal solution of diazomethane The methyl 
ester was chromatographed over alumina (200 Gm., 
deactivated with 10 cc. of aqueous 10°% acetic acid 
Elution with a mixture of petroleum ether and ben 
zene (3:7) afforded a crystalline solid (2.2 Gm.), 
m. p. 158-165°, which on recrystallization from 
methanol yielded methyl ursolate, m. p. 168-170 
lalp + 69.3° (CHCI The mixed melting point 
with an authentic specimen! of methyl ursolate did 
not show any depression 

Methyl Ursolate Acetate.—-Methy! ursolate was 
acetylated with acetic anhydride and pyridine in the 


usual manner. The acetate on crystallization from 
acetone afforded methyl ursolate acetate, m. p 
242-244°, [a]p + 56° (CHCI,) The mixed melting 


point with an authentic specimen of methyl! ursolate 
acetate did not show any depression 

Anal.—Caled. for CysHsO,: C, 77.29; H, 10.22 
Found: C, 76.83; H, 10.11 


Kindly supplied by Dr. (Mrs.) A. Chatterjee, Reader in 
Chemistry, Calcutta University, Calcutta 
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Oleanolic Acid Acetate. The residue A (3.4 Gm 
from the acetone mother liquor described above was 
wetylated with acetic anhydride and pyridine. The 
crude acetate on repeated crystallization from ace 
tone afforded oleanolic acid acetate (0.5 Gm 
m. p. 264-266 alp + 75° (CHCl The mixed 
melting point with an authentic specimen of oleano 
lic acid acetate did not show any depression 

Anal.—Caled. for CywHwO,: C, 77.06; H, 10.11 
Found: C, 76.71; H, 10.08 

Methyl Oleanolate Acetate..The acetate was 
esterified with an ethereal solution of diazomethane 
and the ester on crystallization from acetone yielded 
methyl oleanolate acetate, m. p. 216-218", |alp + 
68.6° (CHCl The mixed melting point with an 
authentic specimen did not show any depression 
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Extraction with 95% Ethanol 


The plant material after the extraction with ben- 
zene, Was extracted in a Soxhlet apparatus with 95°; 
ethanol for ten hours. The residue after the re- 
moval of ethanol showed a negative test for alkaloids 
and did not yield any crystalline material 
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Book Notices 


Synthesis and Organisation in the Bacterial Celi By 
E.F.Gare. John Wiley & Sons, Inc., 440 Fourth 
Ave., New York 16, N. Y., 1959. vii + 110 pp 
12.5 X 18.5 cm 
This is a compilation of material which formed the 

basis of three Ciba lectures in microbial biochemis 

try on Structure and organization in the bacterial 
cell, Amino acid incorporation, and Nucleic acid and 
protein synthesis 


The Lynn Indes 1 Bibliography of Phytochemistry 
Vonograph \ Organized and edited by JOHN 
W. SCHERMERHORN and MAYNARD W. QUIMBY 
Massachusetts College of Pharmacy, Longwood 
Ave., Boston 15, Mass., 1960. 70 pp 15 X 23 
cm 
rhis monograph covers the Glumiforae order, in 
cluding the Cyperaceae and Gramineae families 
rhe plan for the series was described in the review 
of monograph I in Turs JouRNAL, 47, 232(1958 
Précis D' Anatomie et de Physiologie Humaines. By 
Y. Masson et Cie, Hditeurs, 120 
boulevard Saint-Germain, Paris 6°, France, 1960 
viii + 379 pp. 16 XK 2l em. Price NF. 48,000. 
his book (in French) presents a concise course 
in physiology for pharmacy students. It is one of 
a series of textbooks for the pharmaceutical cur 
riculum 


Heterocyclic Chemistry. By ALAN R. KATRITZKy 
and JEANNE M. Lacowskr:. John Wiley & Sons, 
Inc., 440 Fourth Ave., New York 16, N. Y., 
1960. 274 pp. 13.5 KX 20cm. Price $4.75 
Designed as a low-cost book for students, the 

authors have attempted to present a condensed 

version of basic heterocyclic chemistry required by 
graduate students and researchers. The authors 
have been frugal with words but liberal with almost 

2,500 formulas 


Précis de Botanique. Vol. 2. Systématique des 
ungiospermes. By P. Crérfé Masson et Cie., 
Editeurs, 120 boulevard Saint-Germain, Paris 
6°, France, 1960. viii + 429 pp 16 X 21 cm 
Price NF. 34,000 
This second volume on pharmaceutical botanicals 

(in French) considers the angiosperms (true flower- 

ing plants) 


Clinical Chemical Pathology. By C. H. Gray 
Edward Arnold, Ltd., London, England, 1959 
Distributed in the U. S. by the Williams & Wil- 
kins Co., 428 East Preston St., Baltimore 2, 
Md. vii + 160 pp. 13 X 185 cm. Price 
$3.75 
This is the second edition of a pocket-size, 

handy reference on renal function, acid-base balance, 

fluid balance (edema) (salt and water deficiencies), 
liver function tests, chemical pathology of diabetes, 

Ca and P, disturbances of fat metabolism, chemical 

pathology of alimentary tract, and biochemical 

tests in endocrine disease. Other subjects discussed 
very briefly include special tests and routine clinical 
tests 


intibiotics Anzual 1959-1960. Proceedings of the 
7th Annual Symposium on Antibiotics. Anti 
biotica, Inc., 30 East 60th St., New York 22, N. Y., 
1960. xvii + 1034 pp. 17 XK 25.5 cm. Price 
$15 
This volume comprises the proceedings of the 
seventh annual symposium on antibiotics held 
November 4-6, 1959, in Washington, D. C. It 
includes all the reports that were presented. It is, 
without doubt, the most comprehensive authorita- 
tive compilation of research results on new and es 
tablished antibiotics for the period between the 
symposiums of 1958 and 1959. It is a must for 
reference libraries in the health sciences 
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The Clinical Application of Antibiotics. Vel. 4 
Erythromycin and Other Antibiotics. By M. E 
Fiorey. Oxford University Press, 417 Fifth 
Ave.. New York 16, N. Y., 1960. vii + 303 pp 
15.5 XK 24.5 em Price $19.50 
This volume includes chapters on: Erythromycin 

Antibiotics related to erythromycin by reason of 
bacterial cross resistance; Antibiotics which control 
the staphylococcus and other Gram-positive bac 
teria: Antibiotics inhibitory to various bacteria, 
including Gram-negative organisms; Antibiotics 
of limited clinical application owing to some toxic 
effect: Antibiotics active against protozoa, fungi, 
or neoplastic cells; and a final lengthy chapter on 
The choice of an antibiotic. Discussions of indi 
vidual antibiotics follow the same scheme as in 
previous volumes: general considerations, including 
properties of clinical significance; antibacterial 
effects: evidence of toxicity; administration; and 
results of clinical trials The book is an authorita 
tive and scholarly reference with appended bibli 
ography and index 


British Vational Formulary 1960 Standard 
Edition lhe British Medical Association and the 
Pharmaceutical Society of Great Britain rhe 


Pharmaceutical Press, 17, Bloomsbury Square, 

London, W. C. 1, England. Obtainable from 

Rittenhouse Book Store, 1706 Rittenhouse Square, 

Philadelphia 3, Pa., 1960 272 pp 10.5 & 16.5 

em. Price 7s. 6d. Interleaved, Ils. 6d 

This is the fifth edition of the pocket-size pre 
scribers’ formulary Additions are listed by B 
N. F. title and the proprietary name of an equiy 
alent or similar preparation ts given 


Gehes Codex. 9th ed. Edited by Fetrx Dieren 
BRocK. Wissenschaftliche Verlagsgesellschaft 
M. B H,, Stuttgart, and Schwarzeck-Verlag G 
M. B. H., Munchen, Germany Distributed in 
the U. S. by Texstar Co., 200 West 34th St 
New York 1, N. Y., 1960. xi + 1392 pp. 15 x 
23 cm Price $38.25 
This ninth edition of ““Gehes Codex" continues the 

exceptional coverage of new drug pr Mlucts on the 

world market, with particular: attention to Euro 
pean products, that users of earlier editions have 
come to expect. An added feature in the latest 
edition is the indication of trade-marked names 

No reference library in pharmacy can be considered 

complete without the presence of the latest “Gehes 


Codex.” 


Virus Virulence and Pathogenicity. By Ciba 
Foundation Study Group No. 4. Little, Brown 
and Co., 34 Beacon St., Boston 6, Mass., 1960 
viii + 114 pp. 12 X 18.5 cm 
This small book includes reports on: The defini 

tion and measurement of virus virulence, Host-cell 
factors and virus virulence, The effect on virulence 
of changes in parasite and host, Broad aspects of 
human virulence in influenza viruses, The severity 
of influenza as a reciprocal of host susceptibility 
und The virulence for man of some respirator) 
viruses passed in tissue cultures. A genera! 
discussion and an index are included 


TOURNAL OF THE AMFRICAN PHARMACEUTICAL ASSOCIATION Vol. 49, No. 8 


Basic Facts of Body Water and Ions By STEWART 
M. Brooks. Springer Publishing Co., Ine., 
14 East 23rd St., New York 10, N. Y., 1960 
159 pp. 14 X 21 cm. Paperbound. Price 


The body's fluid and electrolyte balance in health 
and in disease states is concisely presented under 
the two main parts: The facts explained and The 
facts applied. A glossary and index are appended 


Handbook of Filtration. ist ed. By the technical 
staff of the Eaton-Dikeman Co. The Eaton 
Dikeman Co., Mt. Holly Springs, Pa., 1960 
viii + 124 pp. 15.5 X 23.5cm. Price $2.50 
This book by the technical staff of The Eaton 

Dikeman Co. covers historical development of 

filtration, paper test methods, retention, perme 

ability, and applications of filter paper. A glossary 
and index are appended 


Textbook of Pharmaceutical Chemistry. 7thed. By 
J. E. Driver. Oxford University Press, 417 
Fifth Ave., New York 16, N. ¥., 1960. ix + 728 
pp. 15.5 X 24.5cem. Price $14.50 
While still maintaining its original design as a 

student's textbook, the new seventh edition of 

Bentley and Driver's (Driver sole author since 2nd 

ed.) is a useful reference for practicing pharmacists 

and chemists. Part I gives physical and chemical 
methods of assay for pharmaceutical substances, 

with detailed applications given in Parts II and IIl 

Part II covers the inorganic materials and Part ITI is 

devoted to organic compounds of pharmace utical 

importance 


Vethoden der Organischen Chemie (Houben-Wey 
ith vol. of the new series. Band V/4, Halogen 
verbindungen Edited by EuGen MULLER 
George Thieme Verlag, Herdweg 63, Stuttgart 
N, West Germany, 1960 Agents in U. S. and 
Canada, Intercontinental Book Corp., 381 Fourth 
Ave., New York 16, N.Y. xlvii + 894 pp. Price 
DM 180, $42.85 
This volume of a long recognized standard ref 

erence series takes up the halogen compounds 
The preparation of bromine and iodine compounds 
and the reactivity and transformation of chlorine, 
bromine, and iodine compounds are covered. This 
comprehensive treatise abounds with references to 
the literature throughout the text, and author and 
subject indexes are included 


Chemical Analysis. Vol. 12, Systematic Analysis of 
Surface-Active Agents. By Mutton J. ROSEN 
and Henry A. Gotpsmitu. Interscience Publish 
ers, Inc., 250 Fifth Ave., New York 1, N. Y.. 
1960. xvii + 422 pp. 15 X 23 cm. Price 
$13.50. 

This volume treats of a growing and complex 
group of materials. Surface-active agents are classi 
fied and then discussed under the sections: Dete« 
tion, isolation, and estimation in compositions 
Qualitative analysis; Quantitative analysis; Sep 
aration of mixtures of surface-active agents \ 
table of representative commercially-available sur 
factants is appended and a subject index is included 
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For Rupturing 


Large Quantities of 3 


Microorganisms— 


The Eppenbach 
MICRO-MILL 


The G-W Eppenbach Micro-Mill is specially con- 
structed for the reduction of slurries and bacterial 
spores, molds, yeast and pollen granules. The mill 
functions perfectly with hopper capacities ranging from 
150 ml to 2 liters of slurry. Capacities up to 5 gallons 
are available. The Micro-Mill is not a test unit but 
has proved successful in actual operation. 


FLEXIBLE, PRECISION CONTROLS 

120 micron glass beads mix with the slurry being 
examined. A calibrated dial provides exact particle 
breakdown settings. And rotor-stator settings can be 
precisely designated from 0.0005 to 0.125 in.—with 
both bead-cell ratio and mill gap settings variable, 
anytime, to produce optimum, critical reductions. 


SPECIAL ENVIRONMENTAL CONDITIONS 

For maintaining anaerobic conditions where essential, 
the Micro-Mill’s recirculating system establishes such 
an environment. The stainless hopper cover is supplied 
with a needle valve enabling the system to be 
blanketed with a suitable gas to minimize oxidation. 


CRITICAL TEMPERATURES ACCOMMODATED— 

AND CONTROLLED 

Externally jacketed to accommodate passage of heat 
transfer fluids, media temperature controlling is further 
assisted by a stainless coil located inside the hopper, 
through which heat transfer fluids may be passed. 
Included are a thermowell and thermometer assuring 
pin-point readings throughout the stages. 


1.5 HP AC-DC VARIABLE SPEED MOTOR 

The Micro- Mill is powered by a 1.5 hp AC-DC motor 
with speed controls from 0 to 10,000 rpm monitored 
by a continuously variable transformer, and mounted 
on stainless dolly for portability. Also available with 
integral refrigeration unit. These and other quality 
features make the easy-to-use, easy-to-install—and 
clean—Eppenbach Micro-Mill an outstandingly val- 
uable piece of equipment. Write for complete details. 


Co. 


Hudson, N.Y. © Since 1814 
EPPENBACH DIVISION 
420 Lexington Ave., N. Y. 17, N. Y. 
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For quick and prolonged relief 


Aluminum 
Hydroxide-Magnesium Carbonate 
| Co-Dried Gel Type F-MAT1 


A finely-divided, white powder consisting of a 
combination of aluminum hydroxide gel and 
magnesium carbonate, prepared by a new 
process* that yields a gastric antacid in dry 
form having extremely prompt and very pro- 
longed acid-neutralizing action in the optimum 
pH range. 


The ideal properties of this product, especially 
suited for the ambulatory patient, are not les- 
sened by aging nor by pepsin present in gastric 
juice. 


Full data and samples of this newest Reheis 
antacid and buffer compound are available on 
request. *U.S. Patent No. 2,797,978 
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REHEIS COMPANY, INC. 
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